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INTRODUCTION

A problem of perennial concern in man-machine systems is the efficiency of the human
operator. Both extremes of operator loading (overload or underload) can have dire consequences
in military settinp. For example, an overburdened air-traffic controller may lose track of a
particular aircraft and either direct another plane into it'% path or not warn it in time to avoid a
collision with a mountain or othrcr environmental hazard. An underloaded radar monito,', on the
other hand, may suffer a lapse of attention due to "boredom" or "mental fatigue" and fail to
detect incoming enemy aircnft in sufficient time to insure optimal interception. One approach Lo
remedy this problem is to determine to what extent the physiological status of ,'he operator may
be used as an indicant of his performance efficiency.

The present bibliography is an outgrowth of this approach. It gathers the research literature I
that deals with the physiological correlates of cognitive performance (broadly defined) in
situations that have significance and import for military operations. In particular, the focus is on
studies that delineate the relationship between physiological variables and optimal or d:graded
performance.

There are three major military applications of such information: (1) assessment of operator
status in work enviLqpmen,-e. g., the physiological state of the operator could be evaluated
while he performed his duties and when they deviated from optimal levels the operator could be
relieved; (2) selection of oDerators-e. g., if certain physiological profiles are found to
accompany superior performance in particular tasks, these profiles could be used as selection
criteria and (3) training programs-e. g., biofeedback techniques might make it possible to
develop optimal physiological profiles in that segment of the population which initially lacked
them.

Si,,c- our goal in compiling this bibliography was relevance to military applications, article
sel;cti )n was limited in the following manner. Studies were excluded if they:

1. employed experimental technique- that couldn't be used in operational environments

(e.g., studies of intracranial brain activity),

2. focused exclusively on populations that wouldn't be found in operaitional military
enviroaments (e.g., psychiatric patients);

3. focused solely on learning;

4. used stresses that are either not found in, or are more intense than those found in military
environments (e.g., severe electric shock);

5. involved physical exertion beyond that required in military monitoring tasks;

6. railed to determine the relationship between the physiological activity measured and
adequacy of performance.

Exceptions were made to these resti ctions in instances where an article made a significant
methodological or theoretical contribution to this research area.

Material for this bibliography was gathered from the Pschoqijal Abstracts, DLi____itation
Abstracts, Ergonomics Abstracts, bibliographies from related areas, requests to authors working

, in this field for repri:ees of their work and the names of other researchers in the area, and
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referince lists from selected articles. While the literature searched covered. the perio, from 1965
to June 1977, earlier material was inclkcued when, !t *as received kror the contacted authors or
encountered in other sources.

Whenever possible, the abstracts whih appear in thii bibliography are taken directly frum
the cited article. If the article Mld no' centain a' abt-,act or summary, abstrarts appearing in one
of the sources mentioned shave were used if avalltVe. In a few instaices, when the above
alternatives were hicklng, we have either suppiles the abstrats -,urseives or uswd appropri; -e
sections of the rticits s . an.Str-ct. Somne of h abstvacts hive beet' ?,briaged from their
orlginal size to make them more stAiablf for the presete 9ose.
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I Abraliam, P., 4McCallum, W. C. The CNV and the spiral -ef#fect. Electro- -
en.eiphaloffiaohv and CI~nical N-eurokph Virlogoy, '1973, 1uipplement 33 205-208.

The CNV and spiral after-effect 115AE) were Investigated in psychotic pationts and
normal controls. Altlhoiah both SAE and CNV measurs differentiated psychotic from norMAl
groups in proportion to the presence of certain severe symptowns, the SAE measure appeared
most closely linked to fluctuations of the symptoms, whereas the CNV measu res seemed more
characteristic of the undcrlying disorder. 7 he relevance of the findings to hypotheses- seeking to
relate cerebral slow potential .hanges and arousal Is discumed.

2 Adam, J., Browri, T., Coiquhoun. P., Hamilton, P., Orsboirn, J., Thomas, I., & Worsicy, D.
NychtherrneraI rhythms and air trooping: Some prelimin.ary results from 'exercise medex.'
In W. P. Coiquhoun (Ed.), As L~f human efj y Dira htmadlss of tee
Limdon: English Universities Press, 19721

Although the. general pict~ure that emerses from these preliminary results suggests that
phase adju~tmeret of both physiological and performance rhythms occurred very rapidly
following the timIe-zone transition from U.K to Malaysia, certain anomalies in Ohe data require
further investilption before a definite conduslon on these line5 can be made. The analysis of
urine samples for c.4xtiso auid el'-ctrolytes which is now proceeding may help to shed some light
on those anemruliev., which were particularly evident in the calculation te-%t scores. Until this
analysis, and also that of the riemejry test scores ane complete, we should be cautious in our
interpretation of a finding wi~ch, at Its faice value, ;s strikingly different from that typically
reported by other wt .tkers in this field.

3 Adamowicz, 1. K., & Gibson, D. Cue screening, cognitive elaboration, lind heart-rate change.
C~anai Jnuna If Psycolofy. 1970,24~,240-248.

Two experimentso with 36 undergraduates examined changes in heart and 7espirationI
rates as a function of 2 task-attention demand and 2 verbalization conditions. Findings show that
ecardiac response is a function of ja) verbaization reqejlrements, and (b) the interaction of
task-atterition demand and verbalization requirements, Heart nAte Iincseas-ed above the base line if
the S was required to wrn-marize and report the coozetnts, of a taped pasiage after its completion
and decreased if the S was required to attend only. Respiration rate inc~reased under both the
verbali- ation and no verbal~zation conditions, indicaeinig directional frationation of response.
Findings are interpreted in terms of arousid fthory and in relation to the Lacey paradigm.

4 Adamowicz, J. K., & Gibson, D. Verbalization, cngitive effort, and heart rate alteration.
Caada Loural of !sj~oghljy, 1972, 26, 1-10.

* T'hirty Ss were astiegned t:) six experimental conditions involving three levels of '
Post-task verbalization requirement and two sensory presentation modalities. Task consisted of a
-m~mplex essay. Heart and respiratory rates were recorded during five phases of the experiment:
baseline, instructions, task, cognitive organization, and recall of facts. Heart rate varied as a
function of cognitive~ demand of task and the interaction of verbalization requirements and
cognitive task derrund. Respiration rate varied as a function of experimental phase and the
interaction of modality of presentation and experimental phases. Results were discussed with
reference to the Lacey paradigm 3nd general activation theory.

3
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6 Adamowicz, J. K., Gibson, D., & Kaufman, D. Respiratory change and mental task gradient.
Psychonomic lc 196e1,9, 183-184.

Examined the proposed connect••n between nental task difficulty levels and heart rate
change using a reWiration measure and pretested intensities of mental task demand and white
noise for 27 Ss. Similarity of direction and magnitude of results between studies basee oncardievascular measures and the present respiration findings indicate that conclusions can be
generalized physiologically.

0 Adey, W. R. Spectral analysis of EEG data from animals and man durIng alerting, orienting
and discriminative responses. In C. R. Evans A T. B. Mulhollmnd (Eds.), Attention in
neurophysiokg- 1 . London: Butterworths, 1969.

We have directed much effort to the clucidazion of patterns in scalp EEG record! ;nman that might be similarly correlated with states of focuse" attention and discriminat.ve
oerformance. Necessarilly, quantitative criteria have been established by extensive computational
estimates of EEG speactral parameters, since their ev latlon even by simple automatedtechniques, such as analogue methods of frequency analysis, are quite inanequate for thispurpose. In turn, theie parameters from digital spectral analysis have been used in furtherautomated pattern recognition studies, in which the computer has been assigned the task ofselecting parameters that best classify epochs of EEG records In individual subjects in particulartest situations, including correct and incorrect decislon-rmakinq

7 Adey, W. R., Kado, R. T., & Walter, D. 0. Computer analysis of EEG data from Gemini
flight GT-7- Aerm-'sace Meicine, 1967, 38, 345-359.

A cornvuted analysis, using digital techniques, was perfonred on closely spaced
samples .Jf 55 hours of EEG data from Astronaut F. Borman, with calculation of -uto-spectral
and cross-spectral density distributions and coherence functions. Flight data were compared withextensive baseline collections from the same subject in laboratory task performances, in a Gemini
flight simulaior, and in sleep. Two chanrels were recorded for the first 29 hours of flight and one
thereafter. A detailed an~alysis of the prelaunch period and first orbit indicated an anticipatory
arousal before launch, with changes in powes distribution and coherince during the first orbit
consistent with strong orlentlh r•ec.ions. Careful asssment of awake flight records throughout
the remainder of the 55 hours indicated incrcased power in the thata band (4 to 7 cycles/sec) by
comparison with laboratory a&n flight Jmulator data. The genesis of this icreased theta rhythmin orienting reactions associated with initial exposure to weightlessness is discussed, and the needemphasized for data gathered at later times in longer flights to elucidate persistent shifts from
groundbased norms. Sleep analyses from the first two "nights" in space are presented, with clear
evidence of minimal sleep on the first night, and four consecutive normal 90 minute cycles on the
second night. The sensitivity of EEG records to changing states of alertness and focused attention
is reviewed, anc; the value of the method, in conjunction with adoquate computation, for
pilot-astronaut monitoring is emphasized.
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a Adkins, S. Performance, heart rate, and respiration rate on the day-night continuum.
Perceptual • Motor Skills, 1964, 18,409-412.

Each of 15 female college students .vas tested at 4 PM, 10 PM, 4 AM, and 10 AM. Pulse
rate and respiration rate were gauged di;ectly before tasL performance. An RT taA was followed
by time estimation. Pulse and respiration rates were slowest at 4 AM and increased significantly
by the 10 AM testing, followed by a gradual decline. Both RT and time estimation were poorest
at 4 AM, reached a peak at 10 AM and gradually declined. These- findinp agree with previous
data which show that, as activation level increases up to a certain point, performance improves.
No Ss showed over-activation previously observed to lead to disintegrationr of performance. A
major criticism of the procedure was discussed.

"9 Aitken, R. C., & Gedye, J. L. A study of two factors which affect arousal level and the
apparent duration of a ten-minute interval. British :ournal of Psycholoky, 1968, 59,
"253-263.

Interview studies of aircrew suggested that the apparent duration of an interval during
flight might be affected both by the demand made on the individua( by his allotted task and by
the amount of background distraction. Eight pilots were isolated for 4 intervals of 10 min.
During 2 intervals Ss were required to perform a simple tracking task, in the other 2 they were
not required to do anything: on I occasion for each task condition they were exposed to
distracting stimulation. The palmar skin resistance was measured every mrin during each
10-min interval; the S then estimated its duration and inamcated how alert he had been during it.
The apparent duration was increased by the presence of distraction and decreased by the
performance of the task; however, the effects of distraction and performance on alertness and
skin conductance were both in the direction of an increase in arousal. Arousal changes could not
account for more than an insignificant proportion of the observed alterations in apparent
duration. It is concluded that an explanation in terms of the way in which attention is organized
under the particular conditions of isolation obtainin- i% consistent with the findings.

10 Alluisi, E. A. Influence of work-rest scheduling and sleep loss on sustained performance. In
W. P. Colquhoun (Ed.), Aspects of hLnan efficiency: Diurnal rytham and loss of sjee.
London: English Universities Press, 1972.

Several inferences can be made from the c€ata. First, the diurnal c:ycling of axillary
temperature is clearly evident. Secondly, the period of this cycle is slightly longer than 24 hours.
Thirdly, the cycling clearly continued without much abatement for the first 20 or 25 days before
becoming somewhat flatened (statistically significant only during the last 5 days).

As was shown previously, perrormance may show the same sort of rhythm, but with a
lag of about 2 hours or so, depe ding on certain other factors. The periodicity is greater than 24
hours there too; this has been found in other studies of work-rest scheduling with persons working
on a 4-2 schedule. The points of peak performance (and activation) appear to slip about 2 hours
every 5 days or so.

aB
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11 AlluWiN, E. A•, & Chiles, W. D. Sustained performance, work-rest scheduling, and diurnal
rhythms in man. Act Psychologica. 1967, 27,436-442.

An attempt has been made here to summarize a 1 0-year program of research that has
dealt with sustained perforniance, work-rest scheduling, and diurnal rhythms in man. The general
conclusions reached are: (1) man can probably follow a 4-4 work-rest schedule for very long
periods without detriment to his performance; (2) for shorter periods of 2 or po,.ibly 4 weeks,
selected men can follow a more demanding 4-2 work-rest schedule with reasonible maintenance
of performance efficiency; (3) in following the more demranding schedt:e, man uses up his
performance reserve and so is less able to meet the demands of emergcency conditions such as
those imposed by sleep loss; (4) the diurnal rhythm which is evidenced in physiological measures
may also be evidenced in the performance depending on the information given to, and the
motivation of, the subjects, And depending also on the total work load, even where motivation is I
sufficiently high, the cycling may be demonstrated when the operator is overloaded; and (5) the
methodology employed yielded measures that are sensitive to the manipulation of both obvious
and subtle experimental variables.

12 Alluisi, E. A., Coates, G. D., & Morgan, B. B., Jr. Effects of temporal stressors on vigilanceand information processing. In R. R. Mackie (Ed.), Vigilance: Theory, operationalperformance, and physiololical correlates. New York: Plenum Press, 1977.

The data of two control and ten experimental studies of the effects of continuous work
and sleep loss on sustained multiple-task performance, representing more than nine man-years of
synthetic work by 89 different subjects, were reanalyzed to permit comparisons of the
performances of three watchkeeping tasks and two active tasks that are time-shared in a
multiple-task performance battery (MTPB). Specific comparisons were made of the two control
groups, of the effects of 4- hours of continuous work 4nd sleep loss with and without the
employment of pulse-rate and EEG-theta biofeedback and autoregulation, of the effects of the
duration of continuous work and sleep loss (36, 44, or 48 hours), of the effects of the duration
of rest-and-recovery following 36 hours ot continuous work (12, 6, 4, 3, and 2 hours), and ot
circadian rhythm and 36-hour continuous work interactions. Eight specific conclusions arc
reached, the most general of which is that the relevance of typical laboratory research with
single-task watchkeeping tests, including the capab' 'y of its findings being generalized to, and
implemented in, -practical situations involving monitoring performances within operational
man-machine systems is seriously questioned, if not compromised, by the findings.
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13 Alsip, J. E., & Edwards, D. C. A more objective method of ordering stimuli on the
intake-rejection continuum. Psych- ?hysioloty, 1971,8, 244. (Abstract)

The authors have proposed that viewing time (VT), the length of time looking at a
visual s.imulus, is a measure of the degree of intake-rejection. Specifically, it was hypothesized
that longer VTs would be associated with greater degrees of stimulus intake and, therefore, would
result in greater heart r~.te (HR) decelerations. Likewise, shorter VTs would be associated with
lesser degrees of intake and smailer HR decelerations. Also, longer VTs would accompany smaller
skin resistance (SR) decreases, whereas shorter VTs would accompany greater SR decreases.
Twenty Ss were shown 32 photographic slides for as long a period as they desired, and measures
of VT, HR change (HR A), and SR change (SR a ) were recorded. These measures were then
correlated for each S and for each stimulus.

in a related experiment, 20 different Ss were shown the 32 slides in pairs. It was
hypothesized that that slide of a given pair commanding the greater amount of attention, i.e., the
longer VT, would be accompanied by a greater HR decrease and a smaller SR decrease than the
other slide. Correlations between the VT differences of the two members of a pair of slides and
the corresponding HRA and SR, differences were computed.

The results of these two experiments indicate little value in operationally defining the
intake-rejection continuum in terms of VT, u.Jless the suggested refinements of this procedure are
undertaken.

14 Amadeo, M., & Shagass, C. Brief latency click-evoked potentials during waking ind sleep in
man. Psychophysiolog-y, 1973, 10, 244-250.

Very early auditory evoked potentials, commencing from 1 to 2 msec after
stimulation, can be recorded from human scalp by averaging; th-:y zppear to be generated in theVill nerve and brain stem structures. This study was conducted to obtain data concerning

possible variations of these early auditory responses witl', sleep in man Our results show little oýr
no change in the amplitude and latency characteristics of these potentials from waking to sleep or
between sleep stages. Prolonged stimulation, during waking or sleep, produced increases of
!atency and a tendency for decrease of amplitude. The findings were interpreted to indicate that
changes in latency and amplitude of later components of auditory evoked responses during sleep
occur at levels above the brain stem. They also support the view that the increased threshold for
auditory arousal associated with sleep is mediated centrally rather than peripherally.

15 Aminov, N. A.'-unctional states during monotonous work and the balance of the basic
nervous proces.j Voprosy 1sikhologii, 1974, 2, 77-83.

Studied the effect of m( notony on work performance. Forty Ss 17-28 yrs old were
given the task of measuring the are is of a large number of circles, and their EEG, galvanic skin
response (GSR), and number of ent ors were recorded. Ss could be divided into 2 groups on the
"basis of their alpha frequencies and alpha-wave energy: those with a predominance of nervous
excitation and those with predominant inhibitory processes. Changes in the GSR level as a

* function of time spent at the task were of 4 types: increasing, decreasing, U-shaped, and
fluctuating. Ss in wh':m skin resistance increased or followed a U-shaped function showed the
largest number of er t 0,rs. Ss showing a moderate level of arousal demonstrated littie decrement in
performance; Ss wi~n a low level of arousal and a predominance of inhibition showed impaired
performance as the task continued, as did Ss with a high level of arousal and the predominance of
excitatory processes.

7

I;



• Andreassi, J. L. Skin-conductance and reaction-time in a continuous auditory monitoring
task. American lounal of Psycholoxy, 1966, 9, 470-474.

Continuous measures of palmar skin-conductance (PSC) were taken as S responded to
aperlohic auditory signals presented against a white noise background. Thirty-two reaction-time
(RT) trials were taken for each of 16 Ss over a 40-min sossion. The results indicated that Ss had
si "ificantly faster RTs on the 10 trials in which PSC was highest as compared to the RTs for the
12 middle and 10 lowest PSC trials. There were decreases in PSC as the experiment progressed.
The sharp decrease In PSC between the first and second 10-mmn segments of the experiment was
accompanied by a significant increase In RT.

Therm. was no upturn in RT at the highest levels of PSC and It was suggested that in
certain situations S's level of arousal must be actively manipulated to achieve an inverted "U"
relation between bodily activity level and performancc.

17 Andreassi, J., & Huntley, M. S. Effect of sgnal patterning uon vigilance rformance and
Physiological responses. (Report No. IH-62.)O ando, MF US Naval Training DeviceZenter,
January 1967.

The purpose of the present investigation was twofold: (1) to determine the effect of
signal patterning upun physiological responses and time to detect signals; (2) to study
performance of subjects (Ss), with and without patterning, under conditions in which they were
either informed or uninformed about the signal patterning.

Vigilance performance and physiological responses with variable interval IVI) and fixed
interval (Fl) signal patterns were studied in four groups of Ss. Three of the four groups were
required to make responses (telegraph key presses) In order to detect signals. Reaction time (RT)

was used as the performance measure while heart rate (HR), palmar skin conductance (PSC) and
galvanic skin responses (GSRs) were the physiological measures. Each S was tested in two
separate one hour sessions on each of two days.

The results indicated that there was a tendency for RTs to be faster under the FI
schedule of signals than with the VI. The HR and PSC measures showed higher variability with
the VI schedule while GSRs were more variable under the FI schedule. Faste RTs tended to be
related to higher levels of HR, PSr and GSRs. It was suggested that: (1) faster RTi under the FI
schedule reflected greater learning of the regular signal pattern; (2) faster RTs with higher degrees
of physiological activation were due to greater numbers of sensory impulses which travelled
cortically and had the effect of Improving alertness and readiness to respond. Several implications
of these results for training were discussed.

tS
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13 Andreassi, J. L., Okamura,.H., & Stern, M. Hemispheric asymmetries in the visual cortical
evoked potential as a function of stimulus location. Psychophysioloy, 1975, 12, 541-546.

The averaged visual cortical evoked potential (VEP) was examined in two separate
experiments as a function of stimulus location. The VEP was recorded from over left and right
occipital hemispheres and stimuli were presented binocularly.

The results of Experiment I, in which three stimulus locations were used, indicated
that stimuli presented In the left visual field resulted in shorter VEP latencies at thL- right
occipital area than the left, whiie for stimuli presented in the right visual field, the opposite
occurred. In Experiment II, seven locations were used and similar VEP latency asymmetries were

I , observed. While no hemispheric amplitude asymmetries were found, there was a trend toward a
decrease of VEP amplitude with Increasing distance of stimulation from the fovea.

*

The latency asymmetries may be explained in terms of the angle at which the stimuli
impinge upon the retinas of the two eyes from different locations, Direct stimulation is producedat the primary projection area, whereas Indirect stimulation probably occurs at the secondaryarea, after crossover of impulses via the corpus callosum.

1) Andreassi, J. L., Rajpisardi, S. C., & Whalen, P. M. Vi ilance performance and p i ical
res unr .. ed R varie si1nal schedules.R ot . Orhando, FL: Naval

Training Device Center, Life and Behavioral Sciences Department, May 1967. (DDC No.
AD-655 619)

The present investigtion was designed to: (1) determine the effects of signal
patterning upon physiological responses and RT to the signals; and (2) provide some information
with respect to the roles of expectancy and aruusal in monitoring performance.

Monitoring performance and physiological responses with variable interval (VI) and
fixed Interval (FI) signal patterns were studied in four Ss over an average of 10 days each. The Ss
were required to expend some effort In order tAo obtain the critical signals. Reaction time (RT)
was used as the performance measure while heart rate (HR), palmar skin conductance (PSC) and
galvanic skin responses (GSRs) were the physiological measures.

The RTs were significantly faster under the Fl schedule than with VI. The PSC and
GSR measures were significantly higher under Fl than with VI, while HR was significantly greacr
with Vl as compared to Fl. Cumulative records showed typical response patternir., to FI and VI
schedules for three of four Ss. On the basis of these results It was suggested that: (1) faster RTs
under the Fl schedule reflect greater learning of the signal pattern undcr the Fl schedule and
perhaps the existencc of an Internal timing mechanism; (2) signal patterning does have an effect
on physiological response and RT; (3) the difference between conductance phenomena and heart
responses to the two signal patterns may be due to differential responsivity of the aivtonomic
nervous system; and (4) monitoring performance contains elements ot ,oth expectancy and
arousalI ' 0
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20 Andreassi, L. , Rapisardi, S. C., & Whalen, P. M, Autonomic responsivity and reaction
time under fixed and variablk signal schedules, Psyhohyiology, 1969,.§, 58-69.

Measured heart rate (HR), palmar skin corductance (PSC), GSRs, and RI while 4
undergraduates dotected critical sirr~:.' which occurred. at either fixed or variabie Intervals (VIs).-
Ss were required to make responses in ardar to detect the signals, Result:, showed that: (1) RT
was significantly faster wltfi a fixzeJ signal schedule; (2) HR was significantly highcr with a VI
schedule than with the fixed interval (Fl)- and (3) PSC and GSRs were s~gnificantly highc:,r with
Fl than with VI. It was suggested that the term "improved expectancies" of J. S. Adamns and L.
R. Coulter be adopted to explain the reason for superior RT performance with Fl patterning.
Findings concerning HR were interpreted within the framework of the J. 1. Lacey, et al. concept
that acceleration of HRt occurs in tasks invoiving cognitive activities, while deceleration is
observed in situations involving primarily perceptual functioning. It was, suggested that PSC and
GSRs represent physiological correlates of expectancy, and that their ele'ated level may reflect
readiness to respond when critical signals occur at regular intervals.

21 Andreassi, J. L., Stern, M-, & Okam'sra, H. Visual cortical evokc~d potentials as a function
of intensity variations in sequential blanking. P~ 1~wg~~ 974 J,36-345.

A sequential blanking paradigm was used to det(,mine the effects of more intensie,I
later appearing, stlimuli upon the visual evoked potenE~al (VEP) tu earlie; appearir.g stingu. In
sequential blanking the presentation of a sequence of visual stimuli -it certain rates, and in certain
urders, results In the perceptual blanking of approximately one-half of the stimuli. The precise
timing and location requirements for th!s effect are conveniently Produs~ed with a digital
computer and associated cathode ray tube display.

Further evidence was found for the Inhibiting effect of later occurring (more
intense) stimuli on the VEP response to earlier occurring (less intense) stimuli. This effect
revealed itself in the delayed ;,ppcarance of thel'major componevots of the VEP. in addition, it was
found that the amount of delay was related, to th,,. ratio of the intensity difference between the
earil.,r (blaokcd) and late- acccvrring (blanxing) stimulit, i.e., the greater the. intensity difference
between them the greaiter the temporal displaccemrent produced in the VEP compenennts.

22 Angel, A. The central control of sensory transmission and its possible relation to reactitun
time..jjW Plvcholollica, 1969, 2, 339-357.

It Is shown that the amount of Information reaching the cerebral cortex after the
second of a pair of equal intensity Stimuli Applied to the same peripheral locus and .or the iame
sensory modality varies Inversely with the stimulus Initerval between the. stimuli. For a simple
stimulus activated task the rtaction time can bt relatee to the information reachinig the cerebral
cortex by the equation: log M - k + kj IRT-L). Where log M is the psychological magnitude of
the stimulus and k1 and k2 are constants, RT is the reaction time and L is the latency of the
cerebral response evoked by the stimulus In the primrary cortical receiving area.



26 Angiboust, R., & Gouari, M. Tentative d'evalatirn de I'efflcacite operationelle du personnel
de I'aeronautlque militaire au cours d& veille's nocturnes. (Attempted evaluation of the
operational efficiency of military aviation personnel during a night's watch.] In W. P.
Colquhoun (Ed.), Nr&U 9[f . ffiýi ý.n: .-Quini £P.JQun aJ IM 2.f 9 . London:
English Universities Press, 1972

Ferformance impairment is corre:ated with a lowering of the arousal level a3 dses~ed
by physiological variables (EEG and heart rate). The impairment is more pronounced when the
task is carried out late in the night.

A two hours sleep period taken before a work session held in the second ha!, of :he
night can raise the levels of both arousal and performance almost to those observed during the
daytime.

S Oxygen breathing has no noticeable effect either on performance or on the arousal
level.

u4 Anliker, 1. Variations in alpha voltage of the electroencephalogram and time perception.
Science 1963, 140, 1307-1309.

Human subjects were instructed to respond regularly at 3-second intervals while their
brain waves wese reco.'ded and analyzed. When subjects were alert the time between two
successive responses did not vary greatly; however, as subjects became increasingly drowsy these
times lerigth•xntd and the mean voltage of the peak alpha frequency decreased.

26 Anthony, B. j., & Putnam, L. E. P3 latency -s a function of encoding speed.
Psychophysiology, 1977, 14, 78, (Abstract)

Interest in the averaged evoked potential (AEP) arises from the assumption that its
form over time represents neuroiogical events relating to the sequence of sensory information
processing. P3, the late positive wave of the AEP, has been broadly implicated in later stages of
processing because of its insensitivy to physical parameters of the stimulus and susceptibility to Iinfluence from psychologi;:al variables such as attention. Posner et al. (1973) have suggested that

P3 represents conscious operations occurriog after the stimulus ha contacted relevant
representations in rmemory. To investigate this link, visual evoked responses (VERs) were
recorded during a letter matching task and compared to reaction time (RT), which had been
shown to var, systematically with the extent of encoding required for accurate performance.

Each of 8 subjects performed 192 match-mismatch RT judgments about two
tachistoscopicaily presented letters occurring 1 sec apart. Each subject served in three different
corditions distinguished by the instructed criterion defining a match:(1) PI (physical identity,
e.g., AA), (2) NI (name identity, e.g., Aa), and , ) C! (category identity, both vowels or both
consonants). EEG was recorded from a vertex lead and averaged tor 1 sec from the onset of the
tkcond letter. Six VERs were obtained from each subject, corresponding to each type of match
within a condition, i.e., physical matches in all conditions, name matches In N! and Cl, and

£= category matches only in Ci.

RT data revealed that, within a condition, name matches were reported slower than
physical matches but raster thian category matches, P3 latency mirrored these graded changes in
RT, increasing with the amount of encoding required before a decision. Moreover, correlations
between RT and P3 latency were signihicar.t ooth across and within subjects. Results strongly
suggest that P3 is associated with a stage of processing which occurs after memory registration
and is closely related ýo response excutv,)n.
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go Antropov, G A., Paltsev, P., & Maltseva, 0. M. Fiziologo gigieniceskaja harakteristika truda
operatorv pul'tov upravlenija elektrostancli blocnogo tipa. [Characteristics of work in
modern power stations considered from the physio!.,•cal and occupational health
viewpoint.] Gigiona Truda I Professional'y Zabolevaniia, 1969, La 10-13.

Physio-hygienic investigations into woik conditions of operators at the main and block
control panels of power stations were carried out. At the main power station panel these were
found to be close to comfortaule, whereas in the premises of block control panels somewhat
elevated air temperature and noise levels were recorded. The operators spend most of their
working time in watching indications of instruments, transmission and reception of information
over the phone and in keeping logs. Physiological -xaminations evidenced abated state of
alertness du!thi working hours, somewhat decreased tolerance of static boosting, elevated pulse
raze at the beginiing and at the end of the shift. Regular breaks in the work with on the job
physical exercises, improvement of work conditions at the block control panels and introduction
of sihft alternation every 5-7 days, preceded by 2-3 days of rest, are recommended to keep up
efficiency of control-panel operators.

27 Artem'eva, E. Y., & Khomskaya, E. D. lzmeneniya asimmetrii voln EEG pri raziichnykh
funkt-.ional'nykh sostoyaniyakh v norme. [Changes in the asymmetry of EEG waves in
differeut functional states ot normal subjects.) Voorosv Psikhologii. 1966, 3, 74-84.

Periodic osc.llatiors in the asymmetry of the ascending and descending portions of
alpha waves with invariant periods were observed in normal Ss. The oscillatory period does not
depend upon the average level of asymmetry. As the functional state of the S changes (as during
problem solving, fatigue, falHing asleep, etc.), changes in asymmetry precede any visually
detectable changes in the alpha rhythm. When intermittent auditory stimuli are presented,
changes in alpha asymmetry occur only during the presentation of the 1st 14 of the stimuli,
disappear !-ter, and reappear when S is instructed to count the signals. J

28 Aschoff, J., Giedke, H., Poppel, E., & Wever, R. The influence of sleep-interruption and of
sleep-deprivation on circadian rhythms in human performance. In W. P. Colquhoun (Ed.),
A o.ecs f human efficiency: Diurnal rhythm and loss o sleeu . London: English

Universities Press, 1972.

This report describes a series of studies that relate changes in performance on such
tasks as reaction-time, computation, concentration, etc., to changes in physiob.)gical variables
(rectal temperature and urinary excretion of pota-sium, 174iydroxycorti costeroids and
catecholamines) as a function of circadian rhythms.

20 Auffret, R., Seris, H., Berthoz, A., & Fatras, B. Measuring pvýrceptual load by cardiac
rhythm variability. ErKonomics 1968, Il, 85. (Abstract)

The variability of the cardiac rhythm was measured in two configurations: laboratory
experimentation during compensatory tracking; in flight tests with a visor for instrument landing.
In both configurations the variability is reduced and no connection with the cardiac frequency
can be established. Different methods of calculation and of presentation of the results are shown.

12
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so Baker, C. H., O'Hanlon, J. F., Earl, W. K., Buckner, D. N., & Abrams, C. Human monitoring
)e (750-F). Goleta, CA: Human Factors Research, Inc., August 1970. (NTIS No.

The two general purposes of the research were: (1) to increase knowledge of the
relations between psychological and physiological variables and human monitoring performance,
with the aim that such an increase would have practica' implications for the many situations in
Naval operations that require operators to remain alert over extended vigils; and (2) to investigate
display design variables and concepts that might enhance human monitoring performance.

"This report contains brief summaries of the work done under the contract and the
technical reports.

31 Baker, G., & Franken, R. Effects of stimulus size, brightness and complexity upon EEG
desynchronization. PPschonomic Science, 1967,7, 289-290.

Measures of duration of EEG desynchronization were taken while Ss were exposed to a
series of slides varying i-i complexity as well as size and brightness. There was a positive relation
between duration of EEW. desynchronization and level of corrplexity but no effect due to size or
brightness. Significant habituation to temporal as well as spatial aspects of complexity were
observed.

32 Barlow, J. S. Some statistical characteristics of electrocortical activity in relation to
"visual-oculomotor tracking in man. Boletin de- institutode Estudios Medicosy Biologicos,
1963, 21,497-518.

Detailed analyses of several aspects of visual-oculomotor tracking of a spot of light on
an oscilloscope screen shifted vertically at predictable and unpredicable intervals between two
alternate positions have been carried out for three subjects. Simultaneous recordings onto
magnetic tape of the tracking signal, the position of the eyes (monitored
electro-oculographically), and the midline parieto-occipital EEG were analyzed with the aid of a
multi-purpose two-channel analog computer. The analyses included: histograms of oculomotor
reac ti on times, average response type computations of stimulus-locked and
oculomotor-response-locked activity in; the EE 3 (for which the term "lambda response" is used)
and amplitude histograms of the EEG s at va, ious times with respect to the stimulus and with
respect to the oculomotor response.

Responses evoked by the stimulus, ard by the subsequent shift in position of the eyes

which constituted oculomotor response, were clearly separab~e by the appropriate averaging
technique, the clearest separation being obtained for the subject having the greatest variability of
oculomotor-reaction times. No evidence was found to suggest that the occurrence of oculomotor

, responses was phased with respect to rhythmic components in the parieto-occipi~al EEG, but
minimal evidence, for one subject, was found which suggested a quantization of reaction times.

13
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83 Barlow, J. S. Evoked responsts in relation to visual perception and oculomotor reaction
times in man. Annals of the New York Academy of Science, 1964, 112,432-467.

in separate psychophysical e'periments with some subjects, an attempt was made to
determine, by indirect means, the appruximate time interval for subjective perception of the
stimuli, and for subjective perception of e'e movements, for comparison with the latencies of
various components of the parieto-occipital evoked responses.

Potantials evoked by the shifting spot of light were generally appreciably smaller, and
greater in latency, than those evoked by bright flashes of light with the eyes closed, but the
amplitude of certain components of the former (i.e., those with an onset at approximately 80-90
msec.) was clearly increased during tracking for some subjects, an effect that may have been due
to the fact that the fovea of the retina was more frequently stimulated during tracking than when
the eyes wo-re maintained fixed. Consideration of the latencies of these components suggests that
they may represent nonspecific rather than specific evoked responses in the visual system.
Comparison of averages of EEG responses with those of EOG responses established that the
above-mentioned components appearing during tracking did not represent the clectical field, at
the parieto-occipital scalp electrodes, of the EOG potentials, although -he amplitude of the latter
at their source is much larger than that of the EEG potentials. Suggestive, but not conclusive,
eidence for different forms of evoked responses for different directions of spot-shifts were
obtained for some subjects.

A comparison, for one subject, of the results of the psychophysical experiments with
those of the electrophysiological recordings provided some tentative evidence that the subjective
perception of spot-shifts takes place, on the average, rather early (i.e., within 40 msec or less), a
finding that suggests that visual perception of simple stimuli may be more closely related to
specific visual pathways than to nonspecific ones. Only minimal evidence of an early, specific
response was, however, obtained in the preseint series of experiments for spot-shifts as visual
stimuli. ;t appears probat.le that a component appearing in the averaged parieto-occipital EEG
response at a constant interval of time after the mean oculomotor reaction time represents the
same havir nhenomenon as that of the "lambda waves" following eye movements which have
been described previously by other workers.

The findings from these electrophysiological and psychophysical experiments are
discussed in relation to the question of quantization of time in the nervou3 system.

14
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34 Barlow, J. S., & Cganek, L. Lambda responses in relation to visual evoked responses in man.
Electroencephalography and Clinical Neurophysiology, 1969, 26, 183-192.

1. In five normal subjects, midline parieto-occipital averaged EEG responses to shifts of
the image of a spot of light from an oscilloscope screen on the retina were examined. The shifts
of the position of the image on the retina were accomplished ;n two different ways: (?) by
alternation of the direction of visual gaze, the position of thi. spot on t.1e oscilloscope screen
remainig unchiinged (lambda responses), and (b) by alternation of the position of the spot on
the oscillksope screen, the direction or gaze remaining fixed (ordinary visual evoked responses).
In order tc, insure comparability of the time course of ritiral stimulation, the motion of the spot
on the oscilloscope screen was controlled by a previously reco.ded electro-oculogram from the
same subject. Additional recordings under several different experimental conditions were also
included, for fuli.-r definition of the phenomena under study.

2. Ir no case were the EEG responses for the two conditionm identical, although for
sone subjects there was a marked similarity for responses resulting from a shift of the image of
the spot from the periphery onto the fovea of the retina; fcr the reverse, wave forms and
similarities were much less well defined.

3. In all instances of voluntary ey. movements (;.c,, alternation of gaze between bright
and dim, )r between dim and dim spots, in total darkness, or when the spot on the oscilioscope
screen moved congruently with the eyes so that its irmage remained constantly on the fovea), an
EEG potential change was evident, the onset of which preceded the initiation of eye movements
by 150-200 msec; !his anticipatoiy potential change was absent for the involuntary or
compensatory eye movements occurring upon passive turning of the head.

4. These findings are discused in relation to the phenomena of :xpectancy waves,

decreases in the amplitude of evoked responses and increases in visual threshold associated with
eye movements, and in relation to mechanisms of supposed perceptual blanking associated with
eye movements.

35 Barnett, T. P., Johnson, L. C., Naitoh, P., Hicks, N., & Nute, C. Bispectkum analysis of
electroencephalogram signals during wakirg and sleeping. Suienc e, 1971, 172, 401-402.

The degree of interaction of compo.nent wave; making up a single electro-
encephalogram trace was strongly correlated with alpha activity, lead placement, and state of

consciousness. Significant quadratic coupling of the waves was found only for awake subjects
with high alpha activity. For these subjects about 50 percent of beta activity can be attributed to
harmonic coupling with the alpha peak. During sleep, the degree of interaction was of borderline
significance and did not follow a consistent pattern with respect to subject, frequency, state, or
lead.

Isi
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36 Barratt, E. S. lntra-individual variability of performance ANS and psyc~ometriC correlates.
Texas Reports pn Bioloy and Medijcine 1963, 21, 496-504.

The general purpose of this study was to relate variability of ANS measures to
intra-individual variability of performance (I IVP) on a series of unrelated tasks. The results
indicated a significant positivt relationship between ANS variability and IIVP for simple tapping,
CFF, auditory jump reaction time, visual jump reaction time, and simple arithme- ric pi oblems. A
psychometric measure of impulsiveness was significantly related to both variAbility of ANS
measures and to I IVP.

37 Bartenwerfer, H. Einge praktische konsequenzen aus der aktivierungstheorie. (Practical
evaluation of activation theory.] Zeit.-chrift fur~ Exiperimentell und 6nitewandte
EPsychogoie. 1969, 16, 195-222.I

After a theoretic~l consideration of general (unspecific) central activation (GCA) four
methods are described for measurint,; mean degrees of GCA for groups of persons in fixed
situations (i.e. working activities). The degree of GCA varies on ar, interval scale with a zero point
at deep dreamless sleep.

Two methods are based on Yhe scaling of statements about "inner (nonmuscular)
tension". The other two methods consist of the measurement of a certain part of heart rate changes.
one another and with scaled ratings of groups of experts.

The ethds hve eendeveloped with regard to practical applicability in school and
industry. Vaiiystudies nave shown the practical applicability and validity even under
unfavor-.ble circtimstances.

48S Bartley, S. H., & Simonsont E. Use of visual methods for measurement of general fatigue. In
E. Simnonson & P. C. Weiser (Eds.), Psycholofia Iset and Ph~ysiological correlates of
wot k and fatiguc. Springfield, I L: C. C. Thomas, 1976.

Severai attern,,ts to stt~dy the more general effec!~ of visual work on nonvisual
physiolog.cal funcmips, si~ch as V -, heart rate or rrqiscle tension, haveý been discussed in~ Chapterinwrkwt'ot prcibe iua for.Ths vsa rcpta adoie hyiloia6, "isua! Fatiglie. - Visual tests nave also been used as an index of Reneral, mainly CNS, tatigue
functions AppeýAr to he linked by a mutual feedback in the response to work and fAigue.
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3* Bartoshuk, A. K. Electromyngraphic gradients as indicants rif motivation. Canadian
journal of Psychoiogy. 1955. 2, 215-230.

Previous electromyogr'p;,i, (EMG) studies of mirror tracing and attentive lise-nint
reported EMG gradients, that is, a progressive increase in muscle potentials from the ba~lnrinr, to
the completion of a given psycholoricai tmsk. Results oi completed anid fntei.cpted taskf
stWested that the slope of EMG gradients maV be indicative of motivation. If this were true,
gradient slope should be directly related to performance speed anti acLuracy. This expeimental
hypothesis was tested in the present EMG study of 25 subjects througt. 24 trials of mirror
tracin3.

An analysis of variance revealed that significant differences in gradient slope could be
attributed to intermuscle differences, and to differences betw..en subjects for each muscle. With
subjects equated for practice, gradient slope (especially for right forearm extensor) was directly
related to speed and accuracy of performance. Moreover, intertrial changes in gradlent slope were
related to rate of performance improvement. Evidence from other studies reviewed showed that
gradient slope was also related to reported interest in the task, and to magnitude of incentives
offered for good performance. These results support the hypot' "sis that gradient slope is a direct
function of strength of motivation to perform a given task.

40 Bathien, N. Reflexes spir.aux chez i'homme et niveaux d'attention. [Spinal reflexes and
attention level in man.] ElectroenceDhalogralhv and Clinica! Neur2Uhysiologv, 1971,0,
32-37.

A, statistical analysis of the results v carried out using both parametric and
nonparametric techniques. In the first case the * udent t test, and in the second case, the
Wilcoxon test and the Friedmann analysis of variance by rank, were used.

The IBM test did not significantly modify any of the reflexes; the Epel test only
facilitated the TSol, whereas the Mult test did so for both the TSol and TBi. The Add test
produced in addition an inhibition of the 1I1Bi, and both the XY and the Lett tests significantly
modified all the reflexes.

It can be concluded that the facilitation of Y motoneurones is obtained for a low level
of activation, that an inhibition of the flexor reflex afferents is obtained for a higher level and
that facilitation of the H reflex, produced by the highest levels of activation, indicates the lower
sensibility of a motoneurones to reticular discharge.

41 Bathien, N., Bertrand, F., Gautier, H., Hugelin, A., & Vincent, J. Sensibilite comparee de
tests sensitifs, moteurs, vcgetatts et respiratoires au cours de I'attention. [Comparative

41 sensitivity of sensory, motor, vegetative and respiratory tests to levels of attention.J Iournal
de Physiologic (Paris), 1967, 59, 342. (Abstract)

As the intensity of attention diminished, an identical sequential decrease of effects,
characterized by a reduction in the number of parameters modified in a significant fashion, was
observed in the same subject and from one subject to another. In the 1? experiments retained, a
decreasing sensitivity to attention was found; the obwered effects going f-ore maximum to
minimum were as follows: (1) reduction in durator of' exniration; (2) inhibition of evoked
potentials; (3) heart rate acctleration; (4) 4icrase in insFiration Jlope; (5) facilitation of the
saphena.-bicipital reflex; (6) augmentation of electiodermal activity; (7) increase in muscle tone;
and (8) decrase of flow volume,
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42 Bathien, N., & Hugelin, A. Reflexe, nit) noyvaptiques. et ptlysynaptiques de I'hornme au
cours de I'attention. IMonosynaptic an,! polysynaptic reflexes in man during attention.1
Electroenc.ephaloaraphy and Clinical Neurophysioloiy, 1969,_26, 604-612.

Extension and flexion monosynaptic reflexes and flkxion polysynaptic reflexes were
studied during activation produced by two tests requirii•g the sustained attention of the subject.
"The psych-.,Jgical tests used were sufficiently difficult to procduce, in all the subjects, significant
variations iv, the respiration and heart rates and in the amplitude of the evoked potentials in the
cortex.

1. Trhe soleus tendon reflex was increased tLonsiderably.

2. A comparison of the monosynaptic responses of the soleus produced either by
cutaneous stimulation of the group la afferent fibres (H reflex) or by percussion of Achilles'
tendon (tendon reflex), did not reveal large differences in the responses. The effcct contrasted
with the modifications observed in the course of the jendrassik manoeuvre (clenching the fist)
which modified little the H reflex but increased considerably the ankle jCrk and seemed to act
preferentially on the fusimotor system.

3. The tendon reflex of the biceps femoris (flexor) was increased in all cases.

4. The polysynaptic reflex (of flexion) of the biceps produced by cutaneous
stimulation of the sural group II afferents was significantly increased in all ,cases.

S. On the contrary, the pol'synaptic reflex of the biceps, produced by stimulation of
the group III afferents of this nerve, was inhibited.

6. According to the type of test used and the reflexes studied, variations were observed
within the same subject and between subjects in thu st,-ngth of the responses. Nevertheless, the
resuits obtained were extremely significant statistically.

7. The simultaneous recording of the diff-erent reflexes studied confirmed the
stereotyped motor effects of attention. rhe stereotyping is identical to that observed in animals
when the supra-bulbar reti ular formation is stimulated.

43 Bathien, N., & Morin, C. Variations comparees des reflexes spinaux au cours de I'attention
intensive et selectivc.[Comparing variations of spinal reflexes during intensive and selective
attention.] PhEysiloo & Behavior, 1972, 9, 533-538.

Studied monosynaptic and polysynaptic spinal reflexes in 8 male and 2 female stude.nts
during attention tests. The tests explored 2 aspects of attention: (a) during selective attention
tests, S had to pick out, in a limited time, significint signals from among other signals; (b) during
intensive attention tests, S had to handle in a given :ength of time a certain number of signals
which were all significant. The mean effect and the statistical variation of the reflexes as a
function of time was then calculated. Two different types of motor responses were observed. The
intensive attention tests facilitated the monosynaptic extensor and flexor reflexes and inhibited
the polysynaptic flexor reflex. This stereotyped motor response was due to an activation of the
reticular formation. The opposite effect was obtained during the selective attention tests. This
response is thought to be part of an activating reaction in which other nonspecific encephalic
structures are implicated.
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44 Baumler, G., & Klausnitzer, 1. Zur Elf.(, .yrY,'onva.,, von mentalen blocKierungen. (EEG
changes during mental blocking.1 L!'iscl,rift fur Experimentelle und Aniewandt,*
bycholotie, 1972. 19, 11 0-225.

Electroer.nephalograms (EEGs) accompanying mental b;ockings in the course of a serial
reaction activity lasting for 28 minutes were studied. Fifteen students showing normal EEGs
acted as subjects. Twelve further students having irregulat pathological EEGs were excluded from
the analysis of data.

Bipolar EEG records from the right occipital lobe were studied with the conventional
visual method. Pulse frequency .and various criteria of reaction performance were also considered.

The most important results can be firmulated as follows:

"(a) The EEGs accompanying mental blockings show characteristics which are peculiar
for increased mental activity, such as after prolonged mental work, as compared to the EEGs
accompanying the reactions uninterrupted by mental block.

(b) just before the occurrence of a mental block, a small increase in the beta activity
and a large increase in the theta activity is registered. Besides, the wave index and the amplitudes
increase. The alpha activity decreases largely.

(c) During, and particularly just after the occurrence of a mental block the beta
activity remains increased, and the alpha waves, theta waves, wave index, and amplitdes decrease.
This phenomenon was considered to indicate the increase of arousal and mental activity in the
subjects, and to be associated with the feelings of frustration, loss of orientation, and reactive
increase of effort.

Besides, the mental blocks seem to suffer certain changes during the course of
continued mental activity. As the time advances, disactivation or fatigue seem to play , greater

role as causes of mental blocking.

On the whole, the results confirm the hypothesis postulated by various authors that

mental blocking is at least partly caused by physiological disactivation.

45 Beatty, J., Greenberg, A., Diebler, W., & O'[ianlon, 1. Operant control of occipital theta
rhythm affects performance in a radar monitoring task. Science, 1974, 183, 871-873.

Detection efficiency of human observers deteriorates rapidly in monotonous
monitoring tasks; this effect (the vigilance decrement) has been associated with increased theta
band activity in the electroencephalogram. Suppression of theta activity by operant methods
enchances monitoring efficiency, whereas theta augmentation further degrades task performance.
These results demonstrate a lawful relationship between operantlv regulated cortical activity and
behavior in man.
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46 Beck, E. C. Electrophysiology and behavior. nn.&ul Review of Psjtcholoiy. 1975, 26,
233-262.

Among other topics, this article reviews the literature on: Contingent Negative
Variation (CNV); Evoked Responses and Attention, Habituation and Selective Attention; Evoked
Responses and Information Delivery-Stimulus Uncertainty, the P3 Wave; Psychologocal
Variables and the CNV: and, Evoked Responses and Sleep, Anesthesia, Hypnosis, and altered
consc iousrness.

47 Beck, E. C., Dustman, R. E., & Sakai, M. Electrophysiological correla' s of selective
attention. In C. R. Evans & T. B. Mulholland (Eds.), Attention in neurophysiology. London:
Butterworths, 1969.

Why should electrocortical changes with levels of attention be most evident in the
minor hemisphere? We honestly do not know. However, recent experiments in our laboratory
have repeatedly implicated the riRht parietal area in findings that may be closely related to the
neurophysiology of attention. Rhodes comparing the visual evoked responses of 20 bright
children (group mean IQ of 130) with an age matched group of 20 dull children (mean IQ of 79)
found one of the main differences in their evoked responses was the tendency of the bright child
to have hemispheric asymmetry with much larger evoked responses recorded from right parietal
scalp. In the dull child no hemispheric differences were apparent. Bigum j;;V6) doing his
dissertation in our laboratory with mongoloid children has reported the same situation when the
mongoloid child is compared with an age matched normal child. All but two of 24 normal
children demonstrated hemispheric asymmetries in their evoked responses with the laiger
response occurring in the right hemisphere, particularly noticeable in the parietal area. The
mongoloid children shGwed no hemispheric differences.

We feel a cummon denominator of thce later studies may be the level of attentiveness,

namely, normal and bright childreo are by definition more attentive than dull or mon•,Iloid
youngsters, alcohol is a depressant and level of attention is probably reduced after ingestion;
during counting or conditioning the level of attention is most probably increased. In .all these
instances there is a marked change in amplitude and stability of the evoked response recorded
from right parietal scalp in the same direction as the level -f attention. The findings are clear and
reliable but the explanation is obscure.

4. Becker, W., Hoehne, 0., Iwase, K., & Kornhuber, H. H. Cerebral and ocular musclepotentials proceding voluntary eye movements in man. Electroencephalog~raphy _an._dd
Clinical .Neurop~hisiology, 1973, Supplement 3_3, 99-104.

After the discovery (Kornhuber and Deecke 1964) of the slow negativity preceding
voluntary movements of the limbs (Bereitschaftspotentiai (OP) or readiness potential (RP)), our •
laboratory became interested in voluntary saccadic eye movements, and we were able to
demonstrate that eye movements, too, are preceded by a Bereitschafts.otential (Becker et al.
1968). The comparison of eye movements with movements of the limbs gained particular interest
after the finding of two other potentials that precede voluntary limb movements, namely the
pre-motion positivity (PMP) and the motor potential (MP) (Deecke et al. 1969). This report is
concerned with the occurrence of PMP and MP in relation to saccadic eye movements.
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49 Becker-Carus, C. Electrophysiological correlates of a cognitive personality variable
(automatization). Archiv fur Psychologie 1971, 123, 171-185.

Studied the correlation between the performance on vigilance and cognitive tasks with
alpha and bhta activity (f the EEG. Ten male and 9 female utiversity students were given verbal
and nonverbal tests of repeated subtraction and asked to detect which of 3 spots were lighted on
a random basis over a 20 min period. During this time the EEG was recorded across leads
T5 -0 1 . The degree of at tomatization was measured with the Stroop "reading of color names"
and the Embedded Figures Test. Less alpha activity was found in Ss showing strong
automatization, and this in turn was negatively correlated (p < .05) with the number of
subtractions begun and the number of correct detections made during vigil?.nce. Correlations
between arithmeti.. performance and EEG activity were insignificant, but slow alpha frequencies
tended to predominate in highly vigilant Ss.

"50 Becker-Carus, C. Interindividuelle elektrophysiologische Unterschiede als mogliche
Leistungspradiktoren. [Interindividual electrophysi ilogical differences as possible predictors
of performance.] Unpublished manuscript, 1971. (Available from Dr. C. Becker-Carus,Psychologisches Institut der Universitat Tubingen, 74 Tubingen-1, Friedrichstr. 2., West

Germany.)

Among the findings reported in this study was a significant negative correlation
(R=-.71) between tho am9unt of alpha activity and adequacy of performance in a vigilance-like
,_task. _

51 Becker-Carus, C. Physiologische Korre'ate psychischer Variablen. [Physiological correlates of
psychic variables.] Archiv fur Psychologie, 1971, 123, 65-82.

Presents a comprehensive review of recent psychophysiological literature. The
relationships of the GSR, EEG, EKG, and EMG to performance on vigilance tasks, learning,
sleeping and wakefulness, and various personality characteristics are discussed. H. J. Eysenck's
theory of cortical excitability on Introversion and extroversion is emr iasized. Despite the
diversity of physiological and psychological relationships, it is suggeste,, that an inverted-U
function describes the relation between performance and emotional excitability, while a
curvilinear, or possibly a linear, relationship exists between performance and stressful tasks.
(English abstract)
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52 Bec"er-Carus, C. Relationships between EEG, personality and vigilance. Electro-
encephalography_& Clinical Neurophysiology, 1971,30, 519-526.

Investigated the dependence of alpha frequencies on vigilance performance and
rigidity, extroversion, and neurotic tendency in an experiment with 36 undergraduates. The EEG
was recorded from bipolar derivations during resting and task periods. Results indicate that (a)
good vigilance correlated positively with low and negatively with high alpha frequencies; (b)
rigidity correlated negatively with low and positively with high alpha frequencies; (c) neurotic
tendency correlated positively with intermediate alpha frequencies during the vigilance task, and
negatively during the resting period prior to the task; and (d) poor performance on the aritl- !tic
tasks correlated negatively with the alpha index during the resting stages, and positively wiuh the
low alpha frequencies during the vigilance task. Results suggest that good vigilance was associated
with lower alpha frequencies and poor vigilantu, with higher ones. Rigidity appeared to be
associated with high alpha frequencies and poor performance. When neurotic tendency was high,
performance of Zhe vigilance task caused an increase rather than a decrease in 10-11 cps waves.

53 Becker-Carus, C., & Heinemann, U. Hemispharische Dominanz, Synchronisation und
individuelle Frequeinzklassenbevorzugung bei wiederholten Testaufgaben (FRT) und die Frage
der Reliabihitat. [Hemispheric dominance, synchronization and individual EEG
frequency-bandwidth characteristics while repeating test items and the question of
reliability.] In Die Quantifizierung des Eektroenceh ams, y osu der

Arbeitsgemeinschaft fur Methodik in der Elektroencephalo[rahie7, Jongny (Schweiz), 1973.

In accordance with the assumption, that special parameters of EEG-activity in specified
performance situations are relevant for individual differences in personAlity as well as in
achievement, a computer program was developed and applied to inw,..tigate systematic

relationships between different EEG-parameters and the individual achieved performance in a
frequently repeated short time memory test. Under investigation was a group of 30 male subjects
with the ag,,- of 22 to 30 years. Besides questionnaire tests of extraversicn, neuroticism andrigidity they were tested for achievement motivation and anxiety. The experimental prog-am

including phases of relaxation, consists of alternate presentation and performance of the
rigure-reconstruction-test (FRT) with a duration of 80 min in total and a subsequent vigilance
task.

The EEG analysis performed automatically by the developed program at an IBM 1130
coi.,putc, results in separated scores of frequency and amplitude distributions of 2 cpm classes,
clinical EEG areas as well as hemispheric dominance and synchronisation. After conversion into
digital values (4 msec steps) the program searches for relevant recording periods (30 sec) marked
by trigger. A digital filter, now, smooths the curves to exclude noise (muscle, 50 c/sec). Next
follows determination of the potential peaks (minima-maxima) and calculation of differences of
peak times. From this (1) frequency classes of 2 c/sec were derived and (2) differences of peak
times between corresponding left and right alpha waves and (3) mean values for peak differences
were calculated.

Results showed (1) good retost reliability for frequency class preferences with special
tasks; (2) interhemispheric synchrony correlates highly with vigilance latency,
achievement-motivation and anxiety,. Further analysis revealed that a time delay in synchrony
only up to 4 msec (called "actual synchrony") is essential to prediction of blocking achievement
anxiety.
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54 Becker-Carus, C., Lanc, 0., & Ritter, M. Elektroenzephalogramm, galvanische. hautreaktion
und personlichkeits-variablen: Ein beitrag zur aktivations-forschung. [Electro-
encephalogram, GSR and personality variables: A contribution to activation tesearch.] 27th
Congress of the German Psychological Association, Kiel, 1970.

Twenty Ss were tested under the conditions of relaxation, problems of varying
difficulty and, again relaxation. Results: There are high correlations for both baseline skin
resistarce and the evoked GSR's between experimental conditions. There were no consistent
correlations between the EEG and the GSR. During relaxation, EEG's of high freqsjency
corre!ated positively with the maximal evoked GSR amplitudes and with the first Haibbreite. In
relaxation, EEG's of slow frequency correlated negatively with changing GSR in problem
situations (arithmetic), and positively with the rigidity score. High baseline resistance in both
relaxation and expectation of problems correlates negatively with extraversion and positively
with neurotic tendency.

55 Becker, W., Iwase, K., Jurgens, R., & Kornhuber, H. H. Bereitschaftspotential preceding
voluntary slow and rapid hand movements, in W. C. McCallum and J. R. Knott (Eds.), TLhe
responsive brain. Proceedings of the Third International Congress on Event-Related Slow
Potentials of the Brain. Bristol, England, 1973. Bristol: John Wright, 1976.

The Bereitschaftspotential (BP) preceding voluntary self-paced slow and rapid
movements of the hand was investigated. Preceding slow smooth movements the BP starts 0.5 sec
earlier and tends to have larger amplitudes than for rapid ballistic movements. If the movements
are not self-paced, but elicited by an auditory signal, the RT to the signal is 100 msec longer for
slow movements than for rapid ones. It-is suggested that these differences reflect a different
central organization of slow and rapid voluntary movements.

56 Beckman, F. H., & Stein, M. I. A note on the relationship between percent alpha time and
efficiency in problem solving. Journal of Psychology, 1961, 51, 169-172.

The problem-solving efficiency scores ranged from 4 to 104 with a mean of 56.38. The
percent alpha time ranged fiom 0 to 95 with a mean of 40.91. The rank order correlation
(corrected for ties) between problem-solving efficiency and percent alpha time was -. 47 (p = x
.01, one-tailed). The more efficient problem solvers tended to have less alpha in their resting
EEG's than did the less efficient subjects. Since our total population of subjects included
individuals that differed widely in age (18-41) it should also be noted that age did not correlate
significantly with either the EEG data (rho = .27) or the efficiency score (rho = --.28). It is
beyond the scope of this note to present neurophysiological interpretations of the data. However,
there is general agreement in the literature that suppression of alpr.a in the normal subject is
related to a state of "arousal" or increased attention to externa, and possibly internal stimuli
(Jasper, 1958). We might speculate, therefore, that the more e`hcie-t problem solvers in this
experiment may be operating with a generally higher level of "cortical excitation" and are
consequently in a state of readiness to integrate external information or information which is
"stored" in the cortex.

!J
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57 Bogleiter, H., & Platz, A. Cortical evoked potentials to semantic stimuli. Psychophysiulogy,
1969,6, 91 100.

The influence of affective meaning on the photically evoked response was Atudied in
male college students. Three sets of stimuli were used: taboo words, neutral words, and blank
flashes. Two blocks of trials were run for each stimulus, one in which the S responded by calling
the stimulus presented, and a second in which the S was not required to respond.

The late components of the evoked potential were significantly related to both thestimulus and response conditions. Amplitude 2 was larger for the taboo words than for either the
neutral words or the blank flash. The taboo words had a sipnificantly greater amplitude 3 thanneutral words, and both sets of words had higher amplitude 3 than thE. blank flash. The stimulus
effect was discussed in terms of the possible influence of anatomical structures involved in
emotional behavior on the visual evoked response. The respo ise effect was felt to be the result of
the increased attention required under the response conditio,

56 Begieiter, H., & Porjesz, B. Evoked brain potenti.:. as indicators of decision-making.
Science, 1975, 187, 754-755.

The effects of decision-makirw, processes on evoked brain potentials recorded at thevertex were studied in human subjects ignificantly different visual evoked potentials to the
same physical stimulus were obtained il n: ials that resulted in different behavioral decisions. Theresults suggest that certain characterisr..3 rf evoked potentials may ,c rhaps be used as indicators
of specific behavioral outcomes.

59 Beh, H. C., & Nix-James, D. R. The relationship between respiration phase and reaction
time. Psychophysiology, 1974, 11, 400-402.

The relationship between phase of normal respiration and reaction time (RT) wasstudied. Ss were required to respond by pressing a switch each time a simple auditory signal waspresented. Averages of response times were calculated for signals occurring during each of three
identifiable phases of normal respiration. It was found that mean RT for signals presented du~ring
the inhalation phase of respiration was significantly less than for signals prescnted during either
the exhalation phase or the pause between exhalation and inhalati,,i.

So Behnke, R. R. An exploratory study of relationship between galvanic skin response andinformation-gain (Doctoral dissertation, University of Kansas, 1966). Dissertation Abstracts
1966, 27, 1953A-1 954A. (Univernity Microfilms No. 66-13, 014)

This study examined the relationship between the galvanic skin response and the
ability of a subject to acquire ,aew information. A three-phase procedure was employed in this
experiment consisting of the pre-test, experimental treatment and post-test phases. In the pre-testphase, subjects took a short completion-type test of a general educational nature which consistedof 45 items. During the experimental treatmenc phase these same subjects listened to a tape
recording of these same items with the m;ssir'- wrmation supplied. The galvanic skin response
of each subject was recorded for each item. " post-test phase, an identical form of the
pre-test was administered to each subject to dute -mine if the tape recorded material could be
recalled. All three phases of the experiment were c( ,ducted in sound-treated rooms.
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In testing for a significant relationship hetween galvanic skin response and,
information-gain these responses were paired for each item. This pairing resulted in four possible
combinations: (1) the occurrence of galvanic skin response with information-Pin; (2) the
occurrence of galvanic skin response without information-gain; (3) the occurrence of
information-galn without galvanin skin response; And (4) the occurrence nf neither galvan!c skin
respor-se nor Informatibn-gain.

A statistical comparison of galvanic skin response and information-pin for the test as a
whole yielded a Chi square which was significant at the .01 level of confidence. In addition to
ý.:.is finding, it was noted that the st• ,gth of the statistical relationship between galvanic skin
response and information-gain was a function of the difficulty level of the material. Item.. whose
difficulty index fell within the middle range (.40-.60) showed significant Chi squares while the
easy items and the difficult Items did not. Contingency coefficients calculated for the significant
"items ranged between .471 and .544 with a median of .508. The maximum size which is possible
for this coefficient in a four-fold table is .707.

The relationship between the difficulty indicei of the 45 items as calculated ,tom the
scores of subjects in the post-test phase and the dif iculty indices of these same items ascalculated from the scores of pilot-study subjects wvas of interest. A Spearman Rank-Ordar
Correl•tion Coefficient showed this relationship to be .914.

The maior conclusion of this study was that the physiological responsiveness of a
subject (insofar as it may be reflected in the galvanic skin response alone) was significantly
related to his ability to provide correct responses on the post-test W:o those items which he was
unable to answer correctly prior to the experimental treatment.

61 Beldeman, L. R., & Stern, J. A. Onset and terminal orienting responses as a function of task

demands. PsvchoDhysiolo•, '1971,_Q, 376-381.

The frequency of response and trials to habituation of the electrodermal onset and
terminal orienting response were manipulated as a function of discrimination tasks involving
either stimulus content (pitch) or duration. There were no significant differences between the I
groups on either measure for onset ORs; however, the duration task group demonstrated more
TORs and required a greater number of trials to habituate than the content task group. The
results, interpreted in terms ot the development of cortical models, supported Stern's suggestion
that OR and TOR habituation are related to the content and duration of the stimulusrespectively.

62 Belanger, D. "Gradients" muscularies et pro,;essus mentaux superieurs. [Muscular gradients
?nd higher mental processes.] Canadian Journal of psychology, 1957, 11, 113-122.

dLectromyographic techniques were used in this study to measure changes in musculartensikn in the forearms of subjects engaged in perceptual-motor tasks of contrasted difficulty. 4

in Experiment I, 14 normal subjects were given the rapid discrimination test. This
requires quick discrimination between circles of slightly varying size; S responds hy pressing a Cl
button. All Ss showed a gradual increase of tension ("gradient") in the forearm muscles during
the test series. Gradient4 appeared in both active and passive arms and were most macked in the
extensor muscles.
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Experiment II was carried out to determine whether these gradients could plausibly be
attributed to the repeated finger-pressure movements, rather than to the difficulty of the
perceptual task. Accordingly, the iatter was reduced to the simple perception of clicks sounded at
regular two-second intenrals, the subject being required to press the button each time he heard a
click. Under these control conditions there was no evidence of gradients in the muscles observed.

On the basis of these and previous findings the author concludes that the gradient
phenomenon is related, not to the motor aspects of the task, but to its psychological difficulty, If
the problem Is too easy it induces only a low level of "arousal," and muscle-tension gradients are
not observed. On the other hand, it seems clear from other investigations that if arousal is
increased beyond a certain point (by external incentives, internal motivating conditions, task
difficulty, etc.) the energy mobilized becomes uncontrollable, conceptual organization
deteriorates, the reaction takes on an emotional character, and efficiency of performance is
impaired.

Thus gradients of muscular tension, since they appear to correlate with arousal,
become valuable indices of the smooth and efficient functioning of the higher menta; processes.
The requiredphysiologiczl link between centrai integrative activity and peripheral muscle tonus is
suggested in Hebb's motivational theory.

63 Bell, C. R., & Provins, K. A, Relation between physiological responses to environmental heat
and time judgements. Journal ot Experimental s vog 1963, 6.66, 572-579.

in 3 experinm.il.Z changes in the magnitude of estimations of standard intervals of 45
sec, 100 sec, 4 min , 9 rin .` and 13 min were examined when body temperature and pulse rates
had been increased by e.4posure to high temperature environmental conditcns. Three methods of
estimation were used: counting at an estimated rate of 1 digit per second, verbal estimation of
time passed in a given activity, and the productions of an interval named, but not demonstrated
by E. No consistent relationship was found between changes in estimate size and changes in
either body temperature or pulse rate. Wide inter-S variation was found in both direction and
extent of change in estimate size with significant increases in body temperature and pulse rate.

64 Bell, C. R., Provins, K. A., & Hiorns, R. W. Visual and auditory vigilance during exposure to
hot and humid conditions. Erg•onomics, 1,)64, 7, 279-288.

The effect of exposure to climatic cGnditions ranging in severity from 29.5/24.50 C
(35/760 F) db/wb to 63/4./DC (145/117 0 F) db/wi, on the performance of (1) a visual and (2) an
auditory vigilance task was studied separately in 2 series of experiments on fit young men.
Exposure time decre.,sed with increasing climatic severity. When performance was examined in
terms of the proportion of signals missed to signals given there was no evidence of a change in
vigilance with different climatic conditions; but in both experimental series, a greater proportion
of signals was missed as body (oral) temperature increased.

as Bell, C. R., & Watts, A. J. Thermal limits for industrial wcrkers. British Journal of Industrial
Melcine, 1971, 238, 259-264.

The literature on relationships between man's comfort, efficiency, and physical
well-being and the nature of his thermal warking environment is diverse and highly specific.
Industrial practice requires more general 'concensus' data on which to base reasonable
recommendations for the establishment of thermal envirconmental limits. A series of three such
limits is proposed which provide protection of the workers' comfort, cfficiency, and
physiological safety.
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For sedentary workers it is suggested that in summer an upper limit of 21 80 C C.E.T. is
advisable if not less than 80% of workers :ýre to be free from discomfort. Against a similar
criterion in winter a lower limit of 15.50C C.E.T. is proposed. An extrapolation of data from
laboratory to industrial work-places provides a suggested limit for efficiency at skilled tasks at
26.70 C C.E.T. Finally, a limit of environmental severity based upon an absence of severe
physiological distress in 95% of exposed workers is proposed which varies with the age and
physical fitness of the workers and the physical demands of the work they are called upon to
perform.

6e Bena, E., Noskova, M., & Poche, V. Bewertung des vigilanzzustandes von lokfuhrern von
elektrischen und diesel-elektrischen lokomotiven mit hilfe der taglichen rhythmen der
kirpertemperatur, des blutdruckes, der pulsfrequenz und der excitationsschwelle des
achilles-schnenreflexes. (Use of body temperature, biorhythms, pulse frequency, blood
pressure and achilles tendon threshold for evaluation of the degree of vigilance during train
driving.] Proceedings of a Symposium on Ergonomnics in Machine Design, jol organized
§y the Czechoslovak Medical Societ.J.. E. Purkyne and ILO, Prague, 2-. ctober 1967,
I LO, Geneva, 1969,1, 291-300.

Factors in the load of vigilance: (1) attention to signals (long intervals between the
signals or bad visibility). Without stimulation by the second engine driver vigilance lasts only for
two to three hours. Independent driving should not exceed three to four hours. (2) Climate and
monotonous cab noise (require suitable cab design). (3) Irregular cycles of shifts: shifts begin and
end at all heurs of the day and night. Thus the twenty-four hour rhythm of sleep and vigilance is
broken into irregular fractions and the synchronisation between the brain cortex and autonomic
nervous system, and hence body temperature, pulse frequency and blood pressure are disturbed.
These factors are related to mental blocks during driving (accumulation of sleep debts). This may
be tested for example during the second night of driving. The driver starts the evening already in
the trophotropic stage, which imperils his vigilance more easily. The tests enable us to estimate
the synchronisation of autonomic rhythms with the cortical function as it affects vigilant driving,
and to make proposals concerning cycling of shifts.

67 Benson, A. J., Huddleston, 1. H., & Rolfe, J. M. A psychophysiological study of
compensatory tracking on a digital display. Human Factors, 1965, 7, 457-472.

Comparable performance on a compensatory tracking task was achieved with a purely
digital altimeter display and with a combined digital and scale-and-pointer display. Performance
of a subsidiary, light responding task was degraded significantly wheii the digital task was
employed. In the presence of the subsidiary task a larger change was recorded in a number of
physiological variables (heart rate, muscle activity, skin resistance and respiration) with the digital
than with the counter-pointer display. Thus, both performance and physiological measures
indicate that parity of performance on the primary task was achieved by increased "effort" when
using the digital display.

-4
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66 Bergamini, L., & Bergamasco, B. Cortical evoked aotentials in man. Springfield, IL:Charles
C. Thomas, 1967.

After a critical review of available techniques, a summary of currcint knowledge on the
average cortical evoked potential has been discussed based on data taken both from the literature
and from personal observations in man.

Two main points emerge from this work: the first is that through the summation ofcortical bioelectrical phenomena, evoked by sensory stimulations, a quantitative analysis is
possible of events associated with human psychological behavior. Grey Walter's discovery of CNV
is of bas'.c importance for any student of psychological phenomena with a measuring approach.

The possibility of physiological investigations of certain phenomena such as the
expectation of an event, the degree of expectation, and its variations in relation to social and
other psychological aspects will open entirely new fields of research for psychophysiologists,
psychopharmacologists, and psychiatrists.

The second point is related to the use of evoked responses in clinical neurological
problems, where this technique may help in the study of a lesion and its site and may be of
practical value in the study of a variety of physiopathological conditions.

This book is addressed to the c'inical neurophysiologist and we hope that he may find
in our work some helpful data.

69 Bergamini, L., Bergamasco, B., & Mombelli, A. M. Etude sur les elements qui influencent la
variabilite des responses corticales evoquees visuelles chez l'homme. [Study of factors
effecting variability of human visual evoked responses.] E lectrodiamnostic-Electrotherapie.
1966,1 22-33.

The authors have studied the variations of human visual evoked potentials recorded
Sncranially, caused by differences in pupillary diameter and by different states of EEG:chronization-desynchronization in relation to habituation, attention and distraction.

The following results were obtained:

(1) Variations in pupil diameter affect the amplitude and latency of the visual evoked
poet iaW; for moving pupils, the amplitude of the ER is greater- with dilated pupils, and even
gre•'-r with contracted pupils (the inverse is true of latency). j

(2) Habituation, the progressive decrease of ERs during prolonged and monotonous
stmulation, does not occur if pupillary diameter is not changed due to the light stimulation.

(3) EEG desynchronization causes a decrease in the ER, particularly the early
compunent; it disappears entirely at about the time desynchronization reaches its maximum.

(4) Attention and distraction studies of Ss with dilated pupils showed a decrease of the
visual evoked potential due to the EEG desynchronization caused by these phenomena.

It was concluded, in reviewing these results that changes in pupillary diameter and
changes in cortical activation level which affect the amplitude of the visual evoked potential,
should be considered as new parameters in the study of dynamic central nervous activity.
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70 Berger, R. J., & Meier, G. W. An automatic analyzer of states of vigilance.
Pchophysiol , 1966,2, 141-145.

An assemblage of relay-operated, commercially availabie programming modules is
described. It is capable of discriminating among the states of vigilance-wakefulness (W);
high-voltage, slow-wave sleep (HVS)- and low-voltage, fast-wave sleep (LVF)-and it requires
information from only the nuchal electromyogram (EMG) and the electroocutogram (EOG).

T1 EBerger, R. J., & Scott, T. D. Increased accuracy of binocular depth perception following
REM sleep period,. Psychophysiology, 1971 8, 763-768.

It has been proposed that REM sleep maintains facilitation of coordinated eye
movements necessary for accurate binocular depth perception (Berger, 1969). This experiment
confirmed the prediction that binocular depth perception would be more accurate at the ends of
REM periods than at their onsets. Eighit male subjects were studied during 4 non-consecutive
nights of sleep. Accuracy of binocular and monocular depth perception were measured with
different apparatus in the evening prior to sleep onset, after awakenings made alternately at the
oifsets or ends of REM periods, and 15 min after awakening in the morning. Accuracy of
binocular depth perception was significantly better at the end& of REM periods than at their
onsets (p < .001), whereas accuracy of monocular depth perception did not significantly differ.
That the monocular task was sensitive to variables of WJeep was indicated by impairment at the
first REM onset with little variation throughout the night, so that it was sigiificantly worse 15
min after morning awakening than the previous evening (p .05). In contrast, accuracy of
binocular depth perception was significantly better in the morning than the previous evening and
at REM onsets (p <.05).

72 Bergstrom, B., & Arnberg, P. Heart rate and performance in manual missile guidance.
Perceptual & Motor Skills, 1971, 32, 352-354.

Earlier stress stuoies under laboratory conditions show that heart rates from 100-110
bpm are associated with significaht decrements in missile-tracking performance. Dah v from real
missile tracking by 8 opeiators with no stress deliberately induced indicate, however, that
performance is unaffected up to 135 bpm, and only moderately affected in the 135-170 bpm
region. The disagreement betweer, the 2 sets of results highlights the difficulties in generalizing
from stress experiments.

73 Bergum, B. 0. A taxonomic analysis of continuous performance. Perceptual and Motor
S.kljls 1966, 23, 47-54.

A conceptual framework is presented, based upon an expanded concept of activation
level, which is designed to encompass the full range of performance task research, from vigilance
to production-line type performance. Specific characteristic aberrations in performance are
associated with specific extreme deviations in activation level and a matrix of task characteristics

- is developed for relating tasks in tcrms of their total stimulation value and for predicting the
effects of experimental variables on the performance associated with these tasks.
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74 Bergum, B. 0., & Lehr, D. J. Affect level, capillary p-lse pressure, dnd response latency.
journal of AD.ied_ Psych'ology, 1967, 51, 316-319.

Examined the effets of the interest value of stimuli on pulse rate, capillary pulse
pressure, and overt evaluation response latencies. Twelve Ss evaluated 20 4-letter words in terms
of an interesting-dull dimension under both visual and auditory presentation conditions while the
3 measures of interest were simultaneously and continuously recorded. The results indicate no
relationship between pulse rate and interest level, but significant functional relationships between
both capillary pulse pressure and overt response latencies and levels of interest.

76 Berkhout, J. Simulated time-zone shifts and performance ab!lity: Behavioral, electro-
encephalographic and endocrine effects of transient alterations in environmental phase. In
A. J. Benson (Ed.), Rest and activity cycles for the maintenance of efficiency of personnel
concerned with militry flight operations. AGARD Conference Proceedings, No. 74, 1970.
(Availab!e from: Nationa, Aeronautics Space Administration, Lan-ley FieId7Virginia 23365;
Attn: Report Distribution and Storage Unit)

Three subjects were maintained on an experlmental sleep-activity time-line which
simulated a flight assignment crossing ten time-zones eastbound and return within 72 hours. The
subjtcts were required tn operate an automobile and an array of electronic equipment during the
simulated flights. Sleep periods were assigned during the simulated local night, involving a ten
hour translation of normal habits, and occasioning two 12 hour epochs of sleep deprivation.
Including baseline and recovery periods, the subjects were studied continuously for nine days.

Mental calculating ability, motor coordination and auditory perceptual acuity weredetermined several times per Uay throughout this period. Electroencephalograms were recorded
during all assigned sleep periods and during the administration of behavioral tests. All urine
produced during the experiment w~s collected, and volume, osmolarity, creatinine and 17-OHC
levels were determined as a function of time-of-day.

The EEG recordings provided useful monitoring of the subjects' transient arousalstatus, and peemitted -the resolution of observed behavioral deficits into sleep-induced,
stress-induced and idiopathic classel. The urine chemistry determinations provided measures of
circadian physiological fluctuations and their distortion following sleep-activity dislocations, and
provided independent estimates of endocrine stress and energy expenditure.

Behavioral capability was observed to depend on several factors, including baseline
circadian phase, time-since-waking (an approximation of local circadian phase), endocrine stress
and subjective fatigue.

Conclusions will be drawn concerning the optimum scheduling of crew assignments on
extensive tran(.-meridianal flights.

76 Berkhout, J., & Walter, D. 0. Temporal stability and individual difference,- in the humanEEG: An analysis of variance of spectral values. IEEE Transactions on Bio-Medical
Engineering, 1968, 15, 165-168.

Normalized power spectra were determined for each of a series of 30 five- and
ten-second epochs of eight-channel EEG recordings, taken from 47 subjects under conditions of
rest and perceptual task stress.

The data thus obtained were evaluated by an analysis of variance to determine their
dispersion characteristics.
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In the eyes Olosed resting case, all channels and frequencies demonstrated statistically
significant spectral ditferences between individuals, when compared to the dispersion of values
within individuals. The temporal stability of the EEG was itself a significant factor in
discriminating individuals. During performance of a visual task, spectral individuality was greatly
decreased in the frontal-temporal region, while maintained in the parieto-occipital area.
Distinctive behavior of certain specific frequencies was noted.

77 Berlyne, D. E. Conflict and the orientation reaction. Journal of Experimental Psychhty,
1961, Q, 476-483.

Three experiments were carried out with the dual aim of studying the influen-.e of
collative stimulus properties on the amplitude of the orientation reaction and testing the
hypothesis that conflict underlies the movtivational effects of coll,,tive variables. The GSR was
used as an index of the orientation reaction.

In Exp. I, using forced-choice and frae-choice reactions, GSR amplitude increased with
degree of conflict. unconfounded with novelty, surprisingness, intensity, and distance prom
fixation point, of stimuli. A preliminary phase with no overt responses showed that the effect
was not due to inherent properties of the stimulus patterns, e.g., differences in complexity. In
Exp. II, using word association, GSR amplitude increased with response uncertainty, regarded as
a measure of degree of conflict. In Exp. Ill, stimuli that were surprising without being novel,
surprise being interpreted as a form of conflict, likewise produced more intense GSRs than
others.

7S Berlyne, D. E. The developmcnt of the concept of attention in psychology. In C. R. Evans &
T. B. Mulholland (Eds.), Attention in neurophyAiology, London: Butterworths, 1969.

So while it is gratifying that problems covered by the word 'attention' are coming in
for more scrutiny on the part of both neurophysiologists and psychologists, the word can be
rather treacherous. To decide exactly what questions are answered by experiments that purport I
to deal with attention requires a great deal of circumspection-more than it usually receives.
Collaboraticn between the two disciplines may well be of value. Hitherto, there has been a
tendency for neurophysiologists to assume that the psychologists know what att.ntion is and for
psycholog;.ts in turn to assume that the neurophysiologists know!

Both neurophysiological and psychological experiments commonly expose a s'ibject to
conditions in which anybody using ordinary language would say that he must be 'paying
attention' to a particulai stimulus. The stimulus in question may be one that calls for some v-.rbal
or manual response, or it may frequently herald some stimulus that calls for an overt response.
Alternatively, the stimulus in question may be one with Importart biological or 'emotional'
associations. The effects of these conditions on, say, electrocortical phenomena or learning are
then noted. The conditions are assumed to be representative of a large set of conditions
conducive .o 'attention'. However, the precise membership of this set and what exactly its
members are supposed to have in ,ommon are rarely, if ever, made clear.



79 Berlyne, D. E., & Buisa, D. M. Uncertainty and the orientation reaction. Perception &
Psychophysics, 1968, 3, 77-79.

In Experiment I, blurred pictures evoked longer desynchronization than clear pictures
but not more intense GSRs. Experiment 2 confirmed that the EEG effect depended on subjective
uncertainty by showing that it did not occur when a blurred picture was immediately preceded
by a clear version of the same picture.

So Berlyne, D. E., Craw, M. A., Salapatek, P. H., & Lewis, J. L. Novelty, complexity,
incongruity, extrinsic motivation, and the GSR. Journal of Experimental Psycholog, 1963,
66, 560.567.

Skin resistance was recorded from human Ss, while each item of a sequence of visual
patterns received 3 successive 3-sec exposures at 12-sec intervals. The patterns comprised "less
irrmsgular" and "more irregular" items, representing a number of "complexity" and "incongruity"
vtriables. Extrinsically-motivated Ss, i.e., those who were told to attend carefully because they
,vould later undergo a recognition test, produced more frequent GSRs than Ss without such
extrinsic motivation. There was a decline in GSR frequency after the 1st exposure of a pattern
but a revival when the next pattern appeared. There was also a long-term decline over patterns.
Incongruous pictures evoked GSRs of greater mean amplitude than nonincongruous pictures. Some
support was obtained for the conclusion that "more irregular" patterns are more likely to evoke
GSRs than "less irregular" patterns.

S1 Berlyne, D. F., & Lawrence, G. H., II. Effects of complexity and incongruity variables on
GSR, investigatory behavior, and verbally expressed preference. Journal of General
PsYchology, 1964, 71, 21-45.

In two experiments, visual figures were given 0.2-second exposures, and GSRs were
recorded, The aim was to study the effects of a number of variables that may collect!vely be
placed under the headings of "complexity" and "incongruity" on the orientation reaction.
Neither the first experiment, measuring skin potential, nor the second experiment, measuring
skin resistance, showed any of these variables to have a significant effect on the magnitude of the
GSR. The second experiment also tested the effects of some of the same variables on the rate at
which the GSR declines with repeated presentation of a figure. There was such a decline, but its
rate was not significantly influenced by any of the variables.

Later phases of the same experiments, in which Ss could look at the figures for as long
as they wished, showed exploration of more irregular (i.e., more "complex" or "in,;ongruous")
figures to be significantly longer with all five variables studied with low-complexity material and
with one of three variables studied with high-complexity material. This confirmed an effect that
previous experiments, using different techniques, had demonstrated with the low-complexity
material, but that had not previously been tested with the high-complexity material.

The second experiment also incorporated a phase in which Ss had to rank-order the
figures according to their degree of liking for them. Verbally expressed preference was not
positively related to exploration time and, in contrast, there was a tendency, as far as some of the
variables and the mterial -s a whole are concerned, for less irregular figures to be preferred.

Finally, the second experiment showed figures previously seen in the GSR Ph.se to
attract !ess prolonged exploration but a higher mean ranking in the Preference Test than figures
not previously seen. A third experiment suggested that the effect on preference was due to
familiarity rather than to the reduction of perceptual curiosity.
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f Berlyne, D. E., & McDonnell, P. Effects of stimulus complexity and incongruity on duration
of EEG desynchronization. Electroencephalograph and Clinical Neurophysiol2, 1965,

8, 156.161.

1. Human subjects were exposed to a sequence of visual patterns, each shown twice
consecutively. Exposures lasted 3 sec and %.'ere separated by inteivalk of 15 sec.. The patterns
belonged to eight categories, representing various complexity and incongruity variables.

2. More complex or incongruous patterns evoked, on the avvragc, longer
desynchronization than less complex or incongrous patterns. (6.3 sec as compared with 5.8 sec).
The difference was found to be statistically significant when the data for adl eight categouies were
examined together and when the data for four of the categories (representing Irregularity oý
Arrangement, Amount of Material, Incongruity and Random Redistribution) were examined
separately.

3. No significant difference appeared between first and second presentations of the
same patterns or between subjects who were extrinsically motivated (told to attend carefully for
the sake of a later recognition test) and net extrinsically motivated, and none of toe interactions
was significant. There was, however, a significant tendency for desynchronizatiun to grow shorter
as the session continued.

4. The findings are discussed in relation to theoretical and experimental work on
motivational aspects of exploratory behavior and related phenomena.

ft Bernstein, A. S., Taylor, K. W., & Weinstein, E. The phasic electrodermal response as a
differential complex reflecting stimulus significance. Psychoohysiolog•, 1975, 12, 158-169.

To examine the influence of stimulus significance on the skin conductance response
(SCR), a 21-sec, 1,000Hz tone was sounded variously in moe ca, vi the other of 64 malc
undergraduates. A click occurred during many tones, and a light signal always followed offset by
9 sec. Four groups were studied: one was told to press a pedal immediately on hearing any click;
another only on hearing the click during a tone in a specified ear; a 3rd was also to respond only
to the specifed ear, but was to withhold the press until the light following tone-offset; and a 4th
group simply listened without any response. Each of a series of predictions regarding the
incremental effect of stimulus significance on the SCR was confirmed, at each point at which
information was delivered on any trial (i.e., tone-onset, click, tone-offset, or light-onset). This
was true for both independent as well as for within-S (between ear) comparisons. The presence of
verbally induced "significance" as well as the complex nature of its influence indicated the
presence of central mediation in the elicitation of "peripheral" SCRs. An execute-SCR was
identified which correlated uniquely with motor reaction time, did not habituate, and did not
correlate with SCRs elicited by other signals in this task. The execute-SCR did not simply reflect
judgments of "significance"; rather, it was qualitatively distinguished from other SCRs which, in
general, were associated with stimulus "significance."
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94 Berry, R. N. Chan.3es in fingeu volume during a simple addition task. P Jgeicd Reports,
1960,7, 446.

The finger volume data were analyzed for each S by assigning a zero value to a point in
Ine initial 2-min "rest iiterval" preceding the first problem. The point was 30 sec from the
beginning of the rest interval. All other values were converted to percentAges of volume change
from this point. The values of most interest are the midpoints of the 10-sec work intervals. The
median values for each serial position were determined for the three different orders of
presentation and -showed a significant decrement in volume from beginning to end of task for all
three orders of presentation. Next, a single measure of finger volume change was determined for
each S by counting the total number of problems on which the finger volume showed a decrease,
from rest level, of 1% or more. These scores were then correlated with numbers of correct
answers obtained by each S. The resulting rank-order correlation was .51 (p ( .01). It is
concluded that the degree of vasoconstriction in the finger is positively and signiticantly
correltd with the quality of performance in a simple verbal task.

as Besrest, A., & Requin, J. Development of expectancy wave and time course of preparatory
set in a simple reaction-time task: Preliminary results. In S. Kornblum (Ed.), Attention and
periormance IV. New York & London: Academic Press, 1973.

The cortical expectancy wave (EW) of 12 human subject:. was analyzed in a variable
interstimulus-interval (ISI), simple reactiun-tirue (RT) task. The experimenl~l design involved
four conditions that differed in the subjective conditional probability (CP) distributiors of the
executive signal, considered as the major determinant of preparation time course, Changes in
subiective CP were obtained either by varying the frequency distribution of ISIs ,or by
introducing a time mark in the RT context. While the RT-ISI length relationship differs only
slightly between experimental conditions. EW development appears strictly related to the
hypothesized prepartory pro,.ess timing.

(M Beyn, E. S., Zhirmunskaya, E. A., & Volkoy.• V. N. E!Ectroencephalographic investigations
in thte process of recognizing images of objects during their tachistoscopic presentation - i.
Investigations carried out on normal subjects. Neuropsychoggia, 1967, 5,203-217. I

The authors carried out a complex electrophysiological and psychological investigation
of , group of normal subjects (thirteen persons) in which the method of recording the cerebral
bioclectrical activity constituted a component part of psychological experiments connected with
thc recognition of tfachistoscopically presented pictures of objects. The investigation corroborates
t'ie modern conceipts of the active nature of perception; it helps to reveal some of the
mechanisms which are responsible for the formation of visual images and to objectivize the
neurody lamic processes connected with the perception and recognition of images.
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67 Bickford, R. G., Jacobson, J. L., & Cody, T. R. Natu're of average evoked potentials to
sound and othei stimuli in man. Annals of the New York Academy of Sciences, 1964, 112,
204-. "'.

1. A human "sonomotor" resporse system has been described in which click stimuli
produce widespread activation of the muscular system with latencies ranging from 6 msec (inion,
cervical) to 50 msec (leg).

2. These responses can be detected throughout the cranial musculature and are believed
to be the basis of the so-called curtical responses to auditory stimulation reported by Geisler,
Frishkopf, and Rosenblith.

3. Studies using patients with various lesions of the audiovestibul~r system have
indicated that the receptors in the "sonomotor" response are vestibular rather than cochlear.
Hence, the test cannot be used as a valid measure of hearing function.

4. A varying degree of myogenic contamination can be shown to accompany the
average reponses to other sensory input,' (light, somesthetic) and suggest the need for caution in
the interpretation of average responses d, rived from the human scalp.

$a Bills, A. Studying motor functions and efficiency. In T. G. Andrews (Ed.), Methods of
psyhnology. New York: John Wiley and Sons, Inc., 1948.

The experimental study of efficiency in performance can be approached from two
different angles, the analytical 3nd the integrative. The first approach leads to experiments of the
type exemplified by the quantitative study of the knee jerk, the simple, choice, and serial
voluritary reactions, facilitative and inhibitive sets, and the ergographic record of Isolated muscle
groups. The second approach is concerned with the work of the integrated organism. It is mainly
occupied with the effect of continuous performance on efficiency in the performance being
stud.ed. and in related activities. These effects are studied at three levels: the objective output, the
organic energy expenditure, and the subjective feeling-tone, and are expressed graphically in the
curve of work. Recuperation from these effects is studied through the curve of recovery Finally,
the study of the influence of faciors extraneous to the task itself, whether physiological or within
the environmental setting, requires the use of special mathods to overcome suggesticn and the
subtle motivational influences to which the human reactor is peculiarly susceptible,
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g9 Birren, J. E. Age changes in speed of behavior: Its central nature and physiological
correlates. In A. T. Welford & J. E. Birren, (Eds.), Behavior, aLn, nd the nervous system.
Springfield, IL: Thomas, 1965.

The data for the young men showed a significant difference between the P phase and
the QRS interval; the former showing faster reaction times. In contrast the older men showed
slower reaction times than the young men but they did not vary significantly with the cardiac
cycle.

No correlation was found between either mean alpha frequency or mean voltage and
mean reaction time in the young subjects. Furthermore, when the reaction times of each subject
were divided into two groups according to whether the signal occurred at alpha frequencies ,
greater or lesser than the mean for the individual or at voltiges greater or lesser than the mean of
the individtial, no significant difference was found. In young male subjects therefore, no,

relationship was found between response speed and alpha frequency or voltage either within or
between subjects.

Differences in mean response times were found between response to signals in alpha or
no alpha phases.

g0 Birren, J. E., Cardon, P. V., Jr., & Phillips, S. L. Reaction time as a function of the cardiac
cycle in young adults. Science, 1963, 140, 195-196.

Simple reaction times to auditory stimuli varied with the phase of the cardiac cycle i,
which the stimuli were presented, tending to be fastest to stimuli presented during the I--phasq of
the electrocardiogram. One hundred reaction times obtained from each of 56 men and women
between the ages of 20 and 30 years were analyzed.

91 Bittker, '. E., Buchsbaum, M. S., Williams, R. B., Jr., & Wynne, L. C. Cardiovascular and
neurophysologic correlates of sensory intake and rejection. I1. Interview behavior.
Psychophysioloy, 1975,12,434-438.

As part of a three task study of the influence of attentional style on cardiovascular
response, 19 notnal volunteers were given a 15-min interview during which systolic and diastotic
blood pressure, oigital pulse volume, heart rate, arid forearm blood flow were recorded. At the
same time two observers independently asseised five elements of 1' e subjects' interview behavior;
arousal, eye contact with the interviewer, self-revelation 0f interview center, attentiveness to ihe
interviewer, and overall transactional engagement in the interview task. When subjects were
divided into groups of interview attenders and nonattenders on the basis of interviewer ratings,
attenders had a mean decrease in forearm blood flow and nonatteriders a mean increase. These
group differences extended across a word identification (sensory intake) and mental arithmetic -

(sensory rejection) task as well. When subjects were divided into groups of forearm blood flow
increasers and decreasers, incfeasers displayed less attentiveness to the interviewer, less
self-revelatior,, greater arousal, and less transactional engagement than did decreasers (N=,).
Attentiveness to the interviewer and transactional engagerncnt were the two most sensitive
behavioral discriminators in comparing the increaser and decreaser groups.
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g Bjerner, B. 0. Alpha depression and lowered pulse rate during delayed actions in a serial
reaction test. Acta Plivsiologica Scandinavica, 1949, 19, Supplementum No. 65, 1-93.

The delayed actions were associated with a transient fall in pulse rate (chapter 6).
Dividing the delayed actions according to length into groups of under 1.5 seconds, 1-2, 2-3,
4-5 and over 5 seconds, showed that the difference from both the preceding and succeeding
pulse rate was statistically significant at either the one percent or one per mille significance level
in all except the first group.

The longer the delayed action, the greater was the accompanying difference in pulse
rate. The delayed actions occurring during the first three minutes ro the experiments were not
accompanied by a demonstrable cifference in pulse rate. The same was !rue of the ones occurring
"in the experiments carried out at 10 p. m. The difference was pronounced in the delayed actions
occurring in the 4 to 10 a. m. experiments.

The delayed actions were also accompanied by depression of the alpha activity
(chapter 7). As in the case of the pulse rate. the decrease in the number of alpha waves both in
relation to the preceding and succeeding number was significant at the one percent or one mille
significance level for all the length grcaps of delayed actiuns except those lasting less than 1.5
seconds.

Study of the delayed actions lasting longer than five seconds showed that they
contained all the stages between wakefulness and overt sleep, the presence of the latter being
diagnosed by direct observation of the subject and electro encephalographic criteria, viz.disappearance of alpha activity, appearance of delta activity, spindles and K-complexes. It wasconcluded from this that delayed actibns are transient phenomena of the same nature as sleep.

9 Black, S., & Walter, W. G. Effects on anterior brain responses of variation ir, the probability
of association between stimuli. Journal of Psychosomatic Research, 1965,09, 3343.

The effects of variation in the probability of association between sensory stimuli were
studied by electroencephalography in man. Variations in the probability of association were
induced by direct suggestion under hypnosis of hallucinated, additional and unassociated stimuli,

as well as by the presentation of varying proportions of real, additional and unassoclated ,timuli.
Polygraphiu records with electronic averages of non-specific cortical responses to stimuli in the
sensory modalities of hearing, visioi, .nd touch were ta:,en from 5 deep-trance hypnotic subjects
in 20 experiments and from 90 othee subjects in the wa'.:ing state. The experiments were based
on the interaction between two associated stimuli of differernt modalities, which results when the
first stimulus is irregularly presented and is followed regularly in time by the second stimulus. In
these circumstances the negative component of the non-specif'ic cortical response to the second
stimulus is reduced and contingent habituation occurs.

Working with auditory and visual stimuli in particular, it was found that when the
"probability of association between click. and flashes presented'in this way was diluted with
frequent hallucinated, additional and unassociated clicks pruduced by direct suggestion under
"hypnosis, the interaction between the two stimuli was modified and the negative component of
the response to the second stimulus, or flash, reappeared. This negative component of the response
to the second stimulus was also found to return when the probability of association Letween the
two stimuli was diluted with real, additional and unassociated clicks.

It is conclurAed that the responses of non-specific anterior cortex to associated sensory
stimili are a function uf the probability of association between the stimuli.
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94 Blake, M. J. F. Physiological and temperamental correlates of performance at different times
of day. Egonornics, 1965,8, 375-376. (Abstract)

rhis paper reports the results of an experiment to investigate the effects of time of day
on performance at a 30-minute letter-checking task. Twenty-five subjects were tested at five
times of dat' in a-balanced Latin Square design. Test time5 were 0800, 1030, 1300, 1530, and
2100. Each test was carried out in an enclosed booth, and the subject was given no knowledge of
results. Body temperature (oral clinical thermometers) and radial pulse measures were taken
before and after every test for each subject. Scores on the Heron Personality Inventory (Heron
1956) were obtairned from all subjects.

Group mean perfor.mtance varied roughly as the mean body temperature at the
different times ef day, being lowest at 0800 and highest at 2100. In addition a positive
correlation across subjects between performance and body temperature was observed at each
time of day. This changed through the day, being highest in the morning and diminishing towards
the evening. There was also a statistically significant (p / 0.05) reversal of correlation between
performance and Heron Part II score, the introvertr checking more letters at 0800 and the
extraverts more at 2100.

go Blake, M. J. F. Relationship between circadian rhythm of body temperature andintroversion-extraversion. Nature, 1967, 215, 896-897.

Although relatively small, this re! I' .nship betwee'• personality, body temperature and
time of day may help to explain the perfor. Ar•' differences in ittroverts and extraverts referred
to previously, if it is assumed that temperiture reflects the level of "arousal" of the nervous
system, and that performance efficiency is related to this level. Comparative measurt.ments
with a variety of different groups would be necessary to determine whether the relationship (and ,
also the form of the body temperature curve observed) ýs characteristic of the particular type of
subject used, or whether it is typical of the population at large.

g0 Blake, M. J. F. Time of day effects on performance in a range of tasKs. Ps,';honomic
Science, 1967, 9, 349-350.

Performance on eight tasks ranging from novel laboratory tests to highly practistd
familiar skills w,,s measured at five times of day between 8 AM and 9PM. Five tasks showed a
consistent tenden:y for improvement ib efficiency from 8 AM through 9 PM: in one task there
was deterioration-, and in the remaining two the effects were not signifizar,, The restilts surest
that the observed trends are related to the underlying state of arousal as indicatqd by bodytemperature.
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97 Blake, M. J. F. Temperament and time oh day. In W. P. Colquhoun (Ed.), Bioogcal
rhythms and human performance. L.ondon and New York: Academic Press, 1971.

The evidence presented in the previous chapter demonstrated that, in many conditions,
performance at certain kinds of task exhibits a quite marked circadian periodicity, which appears,
in general, to be in phase with the concurrent rhythm of body-temperature. The present chapter
describes in some detail the resufts of one particular series of experiments in which the
relationship between variations in temperature and performance during the waking day was
studied over a wide range of "mental" tasks; and attempts to relate the individual differences
observed to an objective measure of a particular personality characteristic., namely,
introversion-extraversion. This series of experiments was referred to in the "waking day" section
of the previous chapter.

As already noted, ; common shortcoming of the majority of studies on time of day
"effects on performance ras been the relatively small number of subjects observed in any single
investigation. In "long-term" experiments such as the shift-work and watch-keeping projects
described in the last chapter this defect is understandable, since the magnitude of the undertaking
almost invariably precludes the use of a larger number of individuals. The same restriction does
not necessarily apply to "short-term" experiments, however, and one of the aims of the
investigation to be described here was to ensure that the number of individuals tested in each
case was sufficiently large to enable relatively firm conclusions to be drawn about any effects
observed. It is obvious also that the second aim of the present itudy, the analysis of individual
differences, would -n any case hardly be practicable with very small groups.

96 Blake, M. J. F., & Corcorarn, D. W. J. Introversion-extraersion and circadian rhythms. In W.
P. Colquhoun (Ed.), As_ cs of human efficien•v: Diurnal rhythm and loss of sleep.
London: English Universities Press, 1972.

We are, therefore, at a disturbing thougn interesting phase in the understanding of the
mechanism %hich differentiates introverts and exeraverts. Almost all existing work on the topic

.uggeats that some gereral difference exists in the arousal mechanism; most of it indicates that
introverts are higher in arousal than extraverts whatever the time of day at which readings are
taken, yet the work summarised here suggests that circadian rhythms are certainly ;nvolved.
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go Blaylock, B. A. H. S•ome antecedents of directional fractionation (Doctoral diswrtation,
University of Illinois at Urbana.Champalgn, 1970). Dissertation Abstracts International,
1971,31, 56531. (University Microfilms No. 71-5049)

Threc stimulus variables appear especially relevant to a more complete understanding of
directional fractionatior: 1, Type of task ("intake" vs. "mental work"). 2. Verbalization
instructions (whether S ws told he would have to answer questions later or not). 3. Stressfulness
of the test (thrmat of shock punishment vs. no threat). The effects of the above-mentioned
variables on HR and SC change were therefore investigated. Ss were 89 male students from an
introductory psychology class at the University of Illinois.

The results of the present experiment support Lacey's "intake-rejection" theory, fail to
confirm Carnpos and Johnson's findings that later-verbalization instructions are associated with
HR zcceleration, contradict the arousal theory assumption that autonomic responses to a
stimulus always change in the sympathetic-like direction, provide support for Lacey's notion that
HR behaves like the algebraic sum of two or more opposing forces, and suggest the need for
further exploration of the combined effects of the "arousal" and "intake-rejection" dimensions.
'Furthermore, the findings are consistent with Graham and Clifton's assertion that HR
deceleration is a component of the "orienting reflex" to novel stimuli.

10o Blaylock, B. Some antecedents of directional fractionation: Effects of "intake-rejection,"
verbalization requirements, and threat of shock on heart rate and skin conductance.
Psychophysiology, 1972,9,40.52.

Following recent contradkitory claims in the literature regarding the phenomenon of
directional fractionation, the present study was designed to investigate variables related to this
differential patterning of autonomic response. Heatt rate (HR) and skin conductance (SC) were
recorded from 89 male students who either attended to flashing lights or worked a subtraction
problem under threat-of-shock or no-shock conditions. Effects of instructicns to verbalize later
were also inoestigated.

While significant task differences were demonstrated which were consistent with the
directional fractionation hypothesis, instructions to verbalize later affJected neither HR nor SC.
Threat of shock significantiy elevated HR during the task only for Ss attending to flashing lights.
However, threat of shock significantly raised HR and SC levels immediately after instructions
(and pfeceding the task) when combined with instructions for subtraction, Results were contrary
to arousal theory, supportive of Lacey's theory of an "intake-rejection" dimension, and contrary
to Campos and Johnson's verbalization findings.
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101 Blitz, P. S., Hoogstraten, J., & Mulder, G. Mental load, heart rate and heart rate variability.
Psycholog!sche Forschun, 1970,3, 277-288.

Several investigators have shown that diminished sinus arrhythmia can be seen as an
indication of increascd mental load. The prestnt experiment deals with the influence of different
levels of mental load, operationalized as the number of binary choices per ninute, on the
regularity of the heart rate. Also we investigated the influence of four different rest conditions
on the regulirity of the. heart rate.

The results show that sinus arrhythmia scores differentiate significantly between
several levels of mental load, but heart frequency appeared to be an even better indicator.

No significant differences were found between the four rest conditions. Stability over
three subsequent measurement sessions was satisfactory, and reliability within the measurement
periods was very high.

102 Blix, A. S., Stromme, S. B., & Ursin, H. Additional heart rate - an indicator of
psychological activation. Aerospace Medicine, 1974, 45, 1219-1222.

Heart rate andoxygen consumption of helicopter and transport aircraft pilots were
measured. During flight operations, the heart rate accelerated without a corresponding increase in
oxygen consumption. This heart rate increase beyond that expected from the oxygen uptake, i.e.
additional heart rate, is therefore used as an indicator of psychological activation. This activation
did not depend only on the actual task, but also on the experience level of the pilot himself. The
levels of heart rate (and blood pressure) recorded indicate that even routine missions may impose
a hazard to pilots with unmanifested or latent heart failure. This obviously calls for frequent
workload-ECG examinations of flying personnel.

103 Bloch, R. M., & Lang, P. J. Long interstimulus interval effects on auditory evoked r, ponse

amplitudes and variances. Psychophysiology, 1977, 14, 113-114. (Abstract)

The effects ot 10, 20, and 35 sec ISIs on vertex auditory evoked response
amplitudes and variances, and heart rate were compared using trend analysis of variance. Sixteen
male subjects were presented 3 sets of 26 tones separated by 3-min. breaks. Within each set ton s
of 3 different frequencies were presented, randomly separated by the 3 ISIs. Averaged evoked
responses (AERs) were obtained for each ISI and stimulus set. To reduce the number of points
submitted to trend analysis, each AER was collapsed into 10 points, each one an average of 48
msec. Results indicated that the simplified quadrat-c and cubic-shaped AER increased linearly in
amplitude with increases in ISI. This suggests a long-term process requiring more than 20 sec for
comp!etion. Ritter, Vaughn, and Costa (1968) found habituation effects on amplitude absent at
intervals of 10 sec thus suggesting the IS effect is not mediated by diminishing habituation. The
fact that ISis were randomized also argucs against an habituation process and for a slow recovery
process. Across stimilus sets the AER linearly decreased in amplitude.

Variances for each point in the AER were collapsed and analyzed in the same
manner as the means. Interestingly, AER variance had an inverted-V shape, with low 'viriance
associated with the initial and late negative comrnonents, while the intervening positive
component (P200-300) was associated with peak variance. Both stimulus set and interstimulus
interval significantly affected AER variance. The positive component variance was greater in the
first set and with the longest ISI.

Heart rate showed a complex combination of ISI, rebound, and LIV effects. The
initial decelerative component of the triphasic response decreased with increases in ISI, while the
following acceleration increased with ISI.
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The results of this study suggest the presence of a very slow recovery-type process
which reduces AER amplitudes and positive component variances at ISis of less than 35 sec.
Further, this study suggests the promising use of trend analysis of variance to more objectively
assess changes in AER. am;)litude and variance wave-shape. And finally, AER variance
demonstrated the selective effects of the ISI and stimulus set manipulations on the positive AER
component and deserves more attention in the AER literature.

104 Block, J. D., & Resier, M. F. Discrimination and recognition of weak stimuli. Archives of
General Psychiatry, 1962,6, 25-36.

In a group of 15 subjects who demonstrated significant physiological discrimination
betweeu presentations of 2 clearly visible stimuli, it was found that this relationship is not a
simple one, Physiological discrimination does continue below a simple threshold of chance sm bal a
identification, and in the absence of full conscious awareness of the nature of the stimuli.However, at a given illumination level In the threshold region some presentations of a stimulus are

apparently better perceived than others. This event is reflected both psychologically in the
subjects' selection of higher confidence categories and above chance identifications, and
physiologically in a discriminated autonomic response. Furthermore, these 2 reflections of the
registration of wea'• stimuli appear not to be independent, that is, physiological discrimination is

Inot found in the complete absence of any form of psychological discrimination.

The data also indicate the marked effect of the subjects' mistaken verbal
identifications upon their autonomic responses. These "response-effects" are related in some way
to psychological and physiological discrimination, as they disappear at the same illumination level
as do the other phenomena.

io0 Blowers, G. H., Ongley, G. C., & Shaw, J. C. Implications of cross-modality stimulus
permutations for the CNV. In W. C. McCallum and J. R. Knott (Eds.), The responsive
brain. Proceedings of the Third International Congress on Event-Related Slow Potentials of
the Brain. Bristol, England, 1973. Bristol: John Wright, 1976.

,he Contingent Negative Variation was measured in nine subjects using an i.s.i. of 5F .c. Each subject endured nine conditions. Each condition consisted of varying the modality in
,vhich the conditional (S1 ) and imperative (S2) stimuli were given. Signals were averaged in
groups of eight. Measures of three characteristics of the averaged wave forms were collected
together with reaction times. All data collected was treated by a Latin Square Statistical analysis.
No significant differences in. wave form characteristics occurred across the nine conditions.
Reaction times were significant in two conditions. The psyclhological implications of these
findings are discussed in terms of a selective attention model.
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106 Boddy, J. The relationship of reaction time to brain wave period: A re-evaluation. glg-4'.encephalography and Clinical Neurophysiology, 1971, 30, 229-235.

In the tirst experiment a ,epresentative mean alpha period (from temporal and
occipital derivations) was obtained for each of twelve subjects, using an automated, power
spectrum based, period analysis system with which the EEG was sampled for about a minute. A
non-significant inter-individual correlation of 0.37 was found between occipital alpha period and
visual RT recorded under conditions of high incentive in a subsequent behavioural experiment.
The finding was reproduced with an even lower correlation of 0.05 on another group of
seventeen subjects.

In the second experiment mean values of the EEG period were determined for
twenty subjects from linear measurements on the chart of the 1 sec EEG sample immediately
"preceding each RT stimulus. The temporal derivation r 3-T 5 was used during auditory RTs and
the occipital derivation TS-0 1 during visual RTs. The inter-and mean intra-individual

correlations between EEG period and RT were 0.21 and 0.10, respectively, for auditory RT and
0.26 and 0.10 for visual RT - statistically non-significant in each case. Thus there was a f;Ailure to
reproduce the finding of Surwillo in both exper'ments, a discrepancy whose possible sources are
discussed.

107 Boddy, J. The psychological refractory period and vertex evoked potentials. Q _arterli
1ourna of Experimental Psychology, 1972, 24, 175-192.

The averaged sensory evoked potential (EP) was recorded from the scalp (vertex to
mastoid) in a psychological refractory period experiment in which 12 young adults participated.
Reaction times (RTs) were measurcd to either both or only the second of pairs of stimuli, in
different trial blocks, with irster-stimulus intervals (ISis) of 100, 200, 300 and 400 msec
occurring in random sequence. EPs were recrded at each ISI. No latency changes could be found
in the prominent nor. specific components (P1 -N I-P 2 ) of the EP to stimulus 2 even at ISIs
where the RT was substantially delayed. Thus the notions that the RI 2 delay is due to
occupation of a single channel central processor oy S1 and that non-specitic EP components
leflect the tirw, course of information processing in underlying ieural tissuo, do not lend eachS~other mutual %oinnnrt Forthermore, as profound amplitude refractoriness in components P1-N1
and N1-P 2 persisted at ISIs where RT was as fast or faster than simple RT, there appears to be a
dissociation between "psychological refractoriness" and "physiological refractoriness". The
implications of these results are discussed.

10o Boddy, 1. Evoked potentials in reaction time with a variable foreperiod. Quarteri Journa
of Experimental Psychology, 1973, 25,323-334.

The reaction times (RTs) of 12 subjects were recorded in a design where a visual or
auo;tory warning signal preceded an auditory RT signal by one of four short foreperiods 500,
750, 1000 or 1250 ms long, which occurred in a random sequence. For the 16 trials at each
foreperiod, wiit each modality of warning signal, the average of the 2-sec long EEG samples
"following the warning signal was computed so that the record showed the scalp recorded
(vertex-left mastoid) evoked potentials (EPs) to both warning and RT signals, and also the
contingent negative variation or expectancy wave occurring during the foreperiod.
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Differences between RTs with different foreperiods were not reflected in riegatively
correlated differences in the amplitude of the RT signal EPs, taking the major positive going
deflection between peaks N1 and P2 at mean latencies of 126 and 231 msec after the kT signal.
Furthermore RT signal EPs preceded by a warning signal were highly attenuated in amplitude
relative to contre, EPs which ware not preceded by a warning signal, whether or not 'n RT
response was required. This was despite the fact that alerted RTs were slightly fastet than
non-alerted RTs, so that thase findings contradict previous findings &ssociatring augmente I EPS
with responding versus not responding and with speeded RTs.

However, it was found that RT signal EP amplitudes were greater with the more
effective modality of warning signal than the less effective, which was consistent with previous
findings. The divergence from previous findings when comparing EPs preceded by a warning with
those having no prior warning is tentatively accounted for in terms of persisting physiological .
refractoriress following the warning signal EP.

1O0 Bogacz, J., Vanzulli, A., & Garcia-Austt, E. Evoked responses in man IV. Effects of
habituation, distraction and conditioning upon auditory evoked responses. Acta
Neurclo i Latinoamericana 1962, 8, 244-252.

1. Ninety-four experiments were carried out in normal adults, both wakeful and
asleep, averaging fiorni 20 to 40 scalp auditory evoked responses (AER) with a
photo-optico-electronic method. Habituation was obtained by binaural stimulation with
monotonously repeated clicki of a constant frequency (1/sec) and intensity. Distractioii was
provoked by means of visual stimulation with isolated flashes at different click frequencies. Time
conditioning was obtained with discontinuous intermittent acoustic stimulation, and sensory
conditioning, by superposing vitual and acoustic stimulation. The tympanic electrodes and the
right electrodes of The 10-20 system, were employed.

2. Intermittent continuous auditory stimulation provoked changes in the
background activity. The most conspicuous finding was the induction of sleep, with many
spontaneous oscillations of the level. Upon interrupting this stimulation, an arousal reaction or
blocking reaction, was observed. This hypnagogic, effect was not so evident with discontinuous

stimulation.

3. Habituation constantly provoked changes in: (a) amplitude, which showed a

progressive recJuction in the wakeful subject and during a constant level of the superficial sleep;
(b) simplification of AER, which changed from repetitive to single; 1c) limitation of AER to the
tympanic electrode where it showed a reduction lower than in other areas of the temporal region.

4. Distraction was accompanied by an immediate or delayed reduction in AER
amplitude.

5. During silence-train of clicks association (electrocortici. time conditioniing), there
was increase in AER amplitude, unaccompanied by changes in topographic distribution.

6. When a series of flashes was delivered during the period of silence, either after or
before the clicks, no significant changes in AER amplitude was elicited.
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110 Bogacz, J., Vanzulli, A., Handlee, P., & Garcia-Austt, E. Evoked responses in man II.
Habituation of visual evoked response. Acta Neurologica Latinoamericana, 1960 6,
353-362.

1. In 92 experiments a st dy was conducted of visual evoked response changes
wuring habituation to continuous flicker imulation.

2. V~sual evoked response % datected from scalp by an integration method.

3. The main visual evoked esponse changes were: (a) reduction of amplitude or
disappe ance of all its components, par icularly of the latter; •b) inconstant increase of latency;
(c) tente ncy to confinement to the occip tal rei,.on.

4. The foregoing changes as'ume the form if waxing and waning but with a constant
"tendrnL , toward decline.

5. In multiple occa-ios, there developed an afterdischarge set. up by a
synchronization of the background rhythm.

6. In natural sleep visual evoked response changes similar to those s~en during
wakefulness were observed. Hence the habituation process is also expressed during light sleep.

111 Bohdanecky, Z. Vyvolane EEG odpovedi u lidi a vigilanice. [Evoked EEG responses and
vigilance.I Ceskoslovenska Psychologie, 1969, 13 343-353.

The article reviews the EEG evoked responses in human subjects. and the ta-:tors
which influence the evaluation. The typical components of the evoked response are mentioned
and the basic relations among various levels of the attention, stimulus and character of the
individual components of the evoked responses are described.

112 Boissonneault, D. R., Dorosh, M. E., & Tong, J. E. The effect of induced heart rate charnge
and neuroticism on the resolution of temporally paired flashes. Psychophysiology, 1971, 7,
465-474.

Normal high extraversion male subjects with high scores on a neuroticism scale wtie
compared with similar subjects with low neuroticism scores, av to changes in the discrimirnati,•n
of paired flashes, brought about by activation-induced heart rate increase.. A threshold for fusion
indicated slightly improved resolhition for the low neuroticism group under increased heart rate,
but a marked deterioration for the high neuroticism group. Two signal detection analysesindicated that the diffe-ential effects could not be attributed to response criteria and one analysis
indicated group differences in sensitivity under activation.
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113 Bollinger, R. R., O'Donnell, R. D., & Hartman, B. 0. Physiological costs of extended
airborne command and control operations. In A. N. Nicholson (Ed.), Simulation and study
of high workload opemtlons. AGARD Conference Proceeding, No. 146, 1974. (Available
from: NationJ Aeronautics Space Administration, Langley Field Virginia 23365; Attn:
Report Distribution and Storage Unit)

During Exercise N4ight Star the personnel ot the National Emergency Airborne
Command Post successfully documented their ability to maintain a continuous airborne alert for
an extended period. Biomedical evaluation began with a pre-exercise baseline study and
continued through a postexercise observation period. A variety of psychological and
physiological parameters were measured in order to determine the degree of stress, fatigue, and
change in performance induced by the extended airborne alert. This biomedical evaluation
dhowed that performance was maintained by the mission teams, flight crews, and ground spponr
personnel. When significant fatigue did occur, whether in flight or on tie ground, it developed
near the beginning of the exercise. The only cases of marked or persistent fatigue were seen in -
those groups whose day/night, work/rest cycles were shifted and can be attributed in major part
to the resulting sleep loss. However, ail groups appeared to adapt to their new work schedules as
the exercise progressed. Partial physiologic and complete psychologic recovery were evident
within the first 36 hours after the exercise.

114 Bonsper, D. E. The effect of increased information processing on sinus arrhythmia and
heart beat Monti-y,7UalTfrniaITNaval Postgraduate School, September 1970. (NTIS No.
''A''A f "7S4)

This experiment investigated the eflt of increased information processing on heart
beat and sinus arrhythmia. A measure of sinus arrhythmia was developed which considered the
area between the electrocardiogram r.,te curve and the %verage heart beat line. Simple linear
correlation analyses were performed to determine the rtlationships between heart beat, sinus
arrhythmia and information proi:essing rate. Sinus arrfhythmia was decreased as a result of
increased information pi',cessing while heart beat was not significantly affected.

1ie Boros, J. Blutdrtuck bei der motorischen aktivitat. 1Blood pressure in motor activity.,
Studia Psychologica, 1967,.9, 248-259.

Analyzed results from blood pressure measurements under 3 differentiated varianlis,
designed to follow thL elaboravion of simple movement habits by means of EMG methods. It was
hypothesized and confirmed ,*at under different experimental variables (length and pace of
movement, weight of transported objects), corresponding changes may be expected to occur in
blood pressure, and that a gradual acquisition of movement habits in groups of Ss will correlate
with recorded blood pressure values. It was not confirmed that training would lead to a decrease
of the blood pressr re values to the resting level recorded following experimental sessions. It was
found t'iat iiicrased demands on perception, attention, and visualization are reflected in
vqetative changes, in this case, blood pressure changes. Significant correlations were found
between a gradually more complicated movement stereotype and the increasing trcnd of recorded
average systolic blood pressure.
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1 111 Sorom, j. [ Electromyographic method used in the study of slent speech in connection with
slndle mental activities. I (Slok) Sbornik Praci Filosoficke Fakult-, Bmenske University,
1972,., 35-51.

Conducted an experiment with 2 groups nf male Ss, 6 experimental Ss (mean age =
10.1) and 6 controls (mean age a 21.3). EMG data showed that recorded amplitudes of electric
blopotentials of the tongue during silent speech in connection with the mental processes followed
during arithmetrical tasks, listening to texts of various contents, and reading of texts in various
languages, are not stable increasing " decreasing in size in dependence on various factors. The
dynamics of the recorded biopotentials of the tongue is affected by the difficulty or novelty of
the mental tasks which Ss had to solve silently, with the aid of inaudible speech. It is further
affected by level or deiee of mastering the mechanism of those mental processes that occur
during solution of the given tasks, and by individual differences among Ss, particularly as regards
a certain type of remembering-imagining (while listening to va.ious texts and during reading
"foreign language texts)-for the S was required to remember what he had heard or read. Several
important conclusions for future work connected with the use of this method in other fields of
psychological research, are also discussed.

117 Bostock, H., & Jarvis, M. J. Changes in the form of the cerebral evoked response related to
the speed of simple reaction time. Electroencephal hahy and Clinical NeurophysiOl~gy,
1970,29, 137-145.

The relationship between simple auditory reaction time (RT) and form of the
cerebral evoked potential was studied in an experiment with eighteen normal subjects. Stimuli
were presented in a fixed relationship to the subject's cardiac cycle, ant; the data were analysed
separately in terms of (1) phase of cardiac cycle at which the stimulus was presented, (2) speed of
RT and (3) time in the experdment.

The amplitude and latency of a wave of around 250 msec latency (N2 ) were found
to relate very strongly, both within and across subjects, to the speed of RT. Amplitudes of earlier
components, while also related to RT, were equally or more associated with time in the
experiment. The N2 component was interpreted as an index of the moment-to-moment level of
arousal.

Neither the form of the evoked response nor the speed of RT was related to the
phase of the cardiac cycle at which the stimulus was presented.

I
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Ile Bottge, H. flj ag 4.&Tr Thler M.tigb _r Analay• .0S2ontanen
Elektroenzehalomramms. Thc Mnd Dactice f ft analysi ot esontaneous
electroencephalorams.I Doctoral dissertation, Technische Universitaet Muenchen, 1972.

A comparison of the various trial solutions for analyzing the central nervous activity
from neurophysiology, communications theory and control theory and other scientific areas,
leads to the realization, that for ergonomic analysis, the various models of the sequence of mental
processes are still very incomplete.

The problem of analyzing the electroencephalogram is discussed and known analysis
methods are compared. After developing 10 criteria for a high performance analysis technique
which satisfies practical requirements, these criteria are compared wizh known methods. The
deree of satisfaction of the 10 criteria are discussed and suggestions are given for improving the
method. Suggestions are also given for improving the measurement technique and for the method
of treating the data, in the case where the analysis ncthods do not fully satisfy certain criteria.
Finally, considering the limited computer capacity and for optimum satisfaction of the 10
criteria, we deicribe the fundamentals of a recognition system for spectral patterns in the signal
of the EEG, and its technical and organizational structure.

The results of the first test measurements, discussed at the conclusion of the paper,
as well as the detection oi stimulus-non-specific pArameters in the spontaneous activity of the
EEG for describing certain delmres of wakefulness when using the recognition system in
wakefulness research show that the system can satisfy the 10 criteria of a high performance
analysis techniqpue with a limited computer capacity. Therefore, new foundations have been
produced for answering a large number of ergonomic questions, especially for mental stress.

11i Bottge, H., & Hloloch, 1. Ein Erkennungssyqtem fur spektrale Muster in spontanen
Elektroen-ephalogramm und seine Anwendung in der Wa.hsamkeits-forschung. jAn
identification system of spectral patterns in a spontaneous electroencephalogram and its
application in vigilaincc, research.I Psycholoische Beitrae, 1973, 15,341-374.

Studied changes in the spectral parameters of the spontaneous EEG as indicators of
various levels of psychophysical activity ar i performance. To test their state of vigilance, 4 Ss
were exposed to a series of 8 2-hr, Mackworth Clock wets consisting of 4 12-signal 30-man test

periods following each other without any interruption. Two repeat teats were conducted 6 mon
later. Foujr states of vigilance were defined and measured: nondirected vigilance (open eyes, no
task); directed vigilance (closed eyes, expecting signal, reaction to signal); reduced vigilance (eyes
open, expecting signal, no reaction to signal) and vigilance with incorrect reaction (eyes open,
reaction without any signal). The identification system for spectra! patterns is explained and the
10 criteria developed for a flexible techniquc of analysis are discussed in detail. It is stated that
the analysis of the 1st test measurements and the evidence of stimulus-nonspecific parameters in
the spcntaneous EEG a•ctivity describing the various states of vigilance indicate that the outlined
system is workable and should be studied more extensively.
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120 Botwinick, J. Theories of antecedent conditions, of speed of response. In A. T. Welford &
J. E. Birren (Eds.), Behavior, aging and the nervous system. Springfield, IL: Thomas, 1965.

Biopotential wave theory, the third theory that was discussed, may not really be
conceptually different from .,et theory, but it is distinguishable by the fact that experimental
measurements include physiological recordin;,s, principally the EEC, and that a particular c.n.s.
mechanism is thought to underlie arousal, alertness, set, etc. Alpha blockade, in response to
sensory stimulation, is believed to be a reflection of alerted states of the organism due to
activation of the ascending projections of the -eti-ular formation o" the brain stem. By
hypothesis, alerted states of the organism are expected to be related to fast RT, and non-alerted
states to slow RT. The data are, in general, supporting of the ,•lypothesis, but also miti'ating of it.
Alpha is blocked experimentally by providing the subject with a warning signal of the Pl. Percent
alpha is related to duration of Pl. Thus, when RT is found to be a function of per cent alpha
blockade, it is confounded with Pl. That is, the operation of PI variation both leads to alpha
"blockade and to RT reduction. Investigators have concluded that both these aspects are related to
a common mechanism. This may be, but it may also be that they are independent aspects of the
organism, each related to PI, but not correlated to reticular formation activation, or any other
mechanism. Supporting this conclusion are the data of RT measurements with spontaneous alpha
blocking. Here, RT is not at all related to the state of alrha.

The common mechanism hypothesis does receive support from those studies
that successfully indicate relation between RT and phases of the alpha cycle. The relationship as
reported, however, appears variable, and not necessarily of great extent. This would saggest that
even if - common alerting mechanism were involved, other mechanisms, common or otherwise,
play an iro"portant role in RT.

121 Bowers, K. S. Heart rate and GSR concomitants of vigilance and arousal. Canadian oJ.onal

of Pschology. 1971, 25, 175-184.

Ss receiving high shock during this experimenlt were cons;derably more
auJtonomically aroused than low shock Ss, as indicated both by an index of GSR, and by heart
ratc :orrected for base level. When correctet2, vis a vis a tunning baseline secured throughout
the course of the experiment,. heart rate did not differentiate between Ss receiving high and low
level shock. In a within Ss comparison, however, UCS temporal uncertainty generated lower
corrected heart rate than UCS-certainty, and did so independently of shock level. It is unlikely
that UCS-uncertainty was less anxiety arousing than UCS-certaiiity; indeed, GSR data suggest the
contrary was true. The decrease in heart rate during UCS-uncertain trials is presumed. to be a
function of Ss' increased vigilance for uncertainty removing cues. The cognitive orientatiorn
toward environmental intake which such vigilance implies should, according to Lacey (1967) be
accompanied by cardiac deceleration. It was argued that such cognitive aspects of cardiac
functioning are superimposed over gress cardiac responsiveness to autonomic arousal.

,I

49 <

1/._



122 Boyce, P. R. Sinus arrhythnmia as a ineasmv of mental load. El&)2nlics, 1974, 17,
177-183.

Conducted ait experiment with 10 male gi icluate (eseatchers involving a subtraction
task in which the physical and mecntal loads could be varied independently. Results indicate that
sinus arrhythmia decreased with an increw~e in mental load, I lowevet, heait Irate could also be
used to differentiate between the mental loads. InI addition aý was t'ound that both heart rate and
sinus arrhythmia increased for an inccease in physical load. This increase in sinus arrhythmia can
be explained by the static work component of the physical loid and of the scoring system used.
It is concluded that changes in h%:art rate and sinus anhytlimia arc h-'Žst iegardcd as generalized
responses to the imposition of a load.

12a Bradley, S., Hack, K., & Newton, NI. A study or clcrpysooia mezsures of stress
related to some operationally defined tasks. (AP Report No. 7). BirningFim, Engla-nd:.

Uiversfy of Aston, Applied Psychology Centre, Septemiber 1966.

The experiment was designed to investigate whether a relationship exists between
degree of physiological arousal and the performanice of' a series of operationally defined tasks,graded in difficulty by standardization against the (J.S.R. Differences in arousal will also be
related to measures of personalitý and general1 intellet trial thility.

124 Bradshaw, J. L. Load and tIMPi1l41ry changes in, cL'nilluous wrocessing tasks. British journal
of Psycholog ., 1968, 59, 265-27 1.

Examined the interaction of ;ate of presenitation, and number of transforms and
possible responses in connection with 'he V"*'Ied Of cOgn1i1ivC load uipon 1pupillary dilation. The
task~ involved continuous processing of auditoiily pr-esented material. The two criteria of Us~k
dlfficuklty both contributed to raising lpUpillar'y diameters, which were f~urther increased it bne
moment of button-press responding. That variativins in level atiousal \k,,rc involved was forther
borne ouit by the tendency for certain regular changes to occur in pupiliary Ji~laiion in iI,' course
of the processing tasks.

125 Bradshaw, J. L. Pupil size anrd p-obflem' solving. ¶2ativ )ra f Lp.irrimental
Psychl,~~1968,20, 116-122.

Pupil size changes were monitored dLiriti,1 the solut ion of various types of problems.
A number of solution and response strategies were reqluiikd oit the 6 undergraduate Ss. There was
strong confirmation of the theory that this :,: tononlic in'ex can provide a sensitive measure of
Khe fluctuating levels of attentioni and arousal which are associated with the various aspects of
information processing and rtsponse.

126 Bradshaw, J. L. Pupillary charges and icact ion timec with varied stimulus uncertainty.
Psychonornic Scietie, 1968, 13, 69-70.J

Ih-, an RT task-, an increase in stimuldus tine-i tainty led ito iiwteasd RT. This was
achieved by varyinig the nlumber of possible sensiw)y i.odailities ['or the signal, changing the length
or variability of a warning foreperiod, and cotrcirrently pi eseni ing ma~sking iioi~e. At the highest
levels of uncertaiaity, co)ncurrently monitored ptipillarý dlilath i showed anI overall I lattening of
associated response peaks, together with a rise in base Ine,( le-vels. Th1 eii was also evidence of*
expectancy pherlomena. with nivoocutrrirlg, anticipated signals.



127 Bremner, F. J., Moritz, F., & Benignus, V. EEG correlates nf attention in humans.
Neuropsycholoigi, 1972, 10, 307-312.

Attempted to extend the attention model proposed by F. J. Bremner and his
coworkers to EEG data from 20 male undergraduates. Data are presented which show changes
predicted by the expectancy subset originally defined by animal EEG data. An additiona! subset,
internal focus, is proposed and partially supported by changes in human EEG. It is suggested that
this subset is unique to huians.

128 Brictson, C. A., McHugh, W., & Naitoh, P. Prediction of pilot performance: Biochemical
and sleep-mood correlates under high workload conditions. In A. N. Nicholson (Ed.),
Simulation and study of high workload operations. AGARD Conference Proceedings No.
146, 1974. (Available from: National Aeronautics Space Administration, Langley F.eid,
Virginia 23365; Attn: Report Distribution and Storage Unit)

A preliminary longitudinal study of the factors affecting the carrier landing
performance of iaval aviators under high workload conditions has been carried out. Using
stepwise multiple regression techniques, a substantial portion of the variability in landing
performance could be accounted for by six factors under zero cumulative workload conditions
and by seven factors under moderate cumulative worklo:-d conditions. High cumulative workload
conditions sharply reduced predictive ability. Although specific aircraft experience and total
flight experience were important predictors of average landing performance, blood biochemical
levels and emotional states had significant predictive ability. Sleep patierns relate strongly to
performance. The factors that determine landing performance change as cumulative workload
increases. Suggestions for further research ;n this area are discussed.

129 Brown, B. B., & Klug, J. W. (Eds.), The aIlpha syllabus: A handbook of human EEG ja gi
activity. Springfield, It.: Thom:ls, 197T. -

This handbook of references and synopses of scientific publications on human EEG
alpha activity has been prepared to facilitate searches of the scientific literature for the many
aspects and attributes of EEG alpha that are reported in numerous scientific journals crossing
many and varied disciplines

The Alpha Syllabus is a compendium of recent reports containing significant
information concerning EEG alpha. Scientific reports containing such information puclii•hed
prior to 1963 can be located in A KWIC Index of EEG Literature, published by Elsevier
Publishing Company, 1965. Foir convenierý,e, pre-1 963 reports not contained in the Syllabus are
listed alphabeticall'i without abstracts in the Supplemental Refereoces.

Although an attempt was made to include as many publications as possible
concerning EEG alpha, there are certain unavoidable omissions. These result from a variety of
causes such as relative inacces;ibilitv, tnintentiolal oversights, and occasionally where the
relationship of the repoo t to dlpha . ,ifY, ire.
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190 Brown, B. R., & Morgan, B. B., Jr. Studies of performance assessment and enchancement.
(PR-73-24). Louisville, KY: PerfoFrm-ance Reii Laboratory, Graduat'e-ch-oI,
University of Louisville, June 1973. (DDC No. AD-773 045)

The report includes brief summaries of research activities under six major headings:
studies of sustained performance: psychophysiologicil and biomedical correlates: personality,
social and subjective correlates: technical studies and supporting laboratory research:
methodological and theoretical formulations: and liaison activities. This study assessed the
interaction of 36 hour sleep loss and continuous work with man's diurnal cycle, and also
represenled the first major application of the recently compieted Digital Equipment Corporation
PDP-12A Experimental Control System (ECS).

131 Brown, I. D., Simmonds, D. C. V., & Tickner, A. H. Measurement of control skills,
vigilance, and performance on a subsidiary task during 12 hours of car driving. ErKonomics,
1967, 10, 665-673.

Eight subjects were given short driving tests at 0700, 1000, 1300, 1400, 1700 and
2000 hours on 2 days: (1) under experimental conditions of continuous driving and (2) under
control conditions in which they carried or, with their normal work between tests. Car control
skills and performance on a subsidary task of time-interval production were mcasured on a 2.2
mile test circuit in city traffic. Pulse rate and oral temperature were also recorded. Vigilance was
measured during main-road driving on the experimental day by scoring time taken to respond to
c light signal. Vigilance improved significantly during the spell of prolonged driving. Time-interval
production was reliably more variable under experimental conditions than under control, but this
difference was independent of the duration of the driving period. Differences in car-control skills
between conditions were slight and statistically unreliable. These results support previous findingsthat a virtually continuous 12 hour period of driving during the normal working day need not
affect either perceptual or motor skills adversely.

A
The apparent discrepancy between present findings, tha,; performance on the

subsidiary task was worse on tie day of prolonged driving, and previous findings, that it tended
to be better, is briefly discussed in relation to the general problem of measuring performance by
the dual-task method.

132 Brown, J. D., & Huffman, W, J. Psychophysio!ogiciI measures of drivers under actual
driving conditions. Lournal 2f SfM Research, 1972,4, 172-178.

Tested 32 21-32 yr. old male drivers. One half with good and Y2 with poor driving
records. Heart, lateral eye movement, ard GSR rates were measured, as well as acceleratorreversal, brake rerponse, and steering wheet reversal rates. Ss were tested during day and nightdriyIng sessions in (a) residential driving; (b) rural, 2-lane highway driving; (c) 44ane expressway
driving; and (d) 4-lane business district driving. Good drivers had significantly lower mean rates of
GSR, accelerator reversals, and brake responses than poow drivers. Mean accelerator reversal andsicerlng wheel reversal rates were higher Juring night than during d'ylioht driving sessions; lateral
eye movement and GSR rates were lower at night. Among the 4 traffic conditians, significant *1
differences occurred for all measures except heart rate, Lateral eye movement and brake res;ponse
rates were highest for residential driving and significantly different among all four conditions,
GSR rate was significantly lower for ruril driving than for, the other three conditions; accelerator
reverwal ra;-s were significantly Iiighe,- for remder,taal dri-sing; stee;inb wheel reversals were
significantly higher for rural and exprv3,wiy driving. Order of t11ting sesion, 'Aay or night 1st,
was a24-o found to afect Ss' responses.
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133 Buchsbaum, M., FdoP Visual information and evoked responses from the left and
rih266-272. lcretcehlgrpy n liia Neur'wphysiolog~ 1969, 26P

Average evoked responses (AER) to verbal and non-verbal stimut i were recorded
from left and fight occipital EEG leads in ten normal right-handed subjects. Although the two
types of stimuli were carefully matched for physical properties, their evoked potential wave
forms could be differentiated by means of a computational technique utilizing replicate evoked
responses, AER wave forms for verbal and non-verbal stimu!, were more different from the left
hemispheric lead than from the right. Verbal stimuli had shorter AER latencies.

Hemispheric differences in the AER are consistent with the hypothesis that theI
- cerebral hemispheres in man assume an asymmetrical role in governing cognitive behavior.

134 Buchsbaum, M., & Fedio, P. Hemispheric differences in e-voked potentials to verbal and
nonverbal stimuli in the left and right visual fields. Ehysjiol~gy and Behavior, i970, 5,
207-210.

Successive plesentation of verbal and nonseose stimu~i to righit and left visual fields
produced dissimilar evoked responses from the left and righi occipital cortex in man. Stimulation
of a dominant left hemiretina-hernisphere route yielded greater differences in evoked response
waveform for the two classes of stimul! than the corresponding system on the right. Transmission
of information via the direct visual pathways to each hemisphere also ~showed greater stability in
evoked response activity than that from secondary or indirect pathways.

i= Buchsbaum; M., Gillin, J. C., & Pfefferbaum, A. Effect of sleep stage and stimulus
intensity on zuditory average evoked responwes. Psychoehysitoiggy, 1975, 121, 707-712.

Auditory average evoke~d resp(,nse; (AERs) to clicks ranging from 50 to 80 d8 wereI
studied in 9 norma~l adults while awake arAd during sleep. AER amplitude tended to increase little
from 50 to EO dB in waking subjects but in~creased markedly in JIeeping subjects during stages 3
and 4. Rapid eye movement (REM) and stage 1 sleep had small amplitude AERs in compil;isoriwith other sleep stages. Individuals who shewed decreases in amplitude at high~ intensitizs while
awake slept significantly longer during the experimental nights.

136 Buchsbaum, NI., & Silvermzn, J. Stimulus ivitensity control and the cortical evoki-d
respoo'se. PuhsmtcMedicine, 1968,_30, 12-22.

"'ortical evoked potentials to light fiasim., of 4 intensities and perform-Ances on a
kinesthetic f igural after-effects perceptual tUsk (KFA) were obtained from norma! and
nonp~ranoid schizophrenic rublects. In previous studies it had been shownt "-at in'dividual
differences In peiceptior of stimulus lnteo~sity copild be inferred from KFA putrformance. in thisstudy, it was hypothesized that individuals whose KFA score:; )rndicatee a tendency to reduce th-.

* perceived inte~nsity of strong tlimulation wtiuld show a comparable response tendency on a
curtIv&J evoked resprons( procedure. Slgnifk~nt corre~aiuns were found between evoked response 0
latency and amplitude meAsures and KFA valuef in both normnal and psycniatri#n groups. Jcx
differences In evok~ed response parameters were al~o found, inaies showing a stecpcr
irrnimsty-response function tha., fecutles. Further, sex was foundi to be an importatit mode,-alor
vezriable rnf the re!ati,.,nship beiwe:i.r, evo~ked responsa measurer aiid KFA V,;Ilues, T~s fc n,
were intr~rpreted ihi terms c,( a theoretical construct regard~ing a sthnulus Intensity con'trol
niect~arisrn it, i he central neri ous system.

.............................



137 Buchsbaum, M., Silverman, j., Henkin, R. I., & Pfefferbaum, A. Contrast effects on the
auditory evoked response and its relation to psychophysical judgments. Perception &
Psychophysics, 1971, 9, 379-384.

Used an auditory average evoked response (AER) procedure to search for a
physiological counterpart of the contrast effect-the tendency for a S's judgment of the intensity
of a stimulus to be modified by the intensity of prior stimulation. Ss were 10 male and 10 female
18-22 yr. old paid normal volunteers,. When a tone was preceded by a softer tone, its AER
amplitude increased; conversely, when a tone followed a louder tone, amplitude decreased.
Irregular intervals between tones decreased the AER contrast effect, as did increasing the interval
betw-'n tones. Significant correlations found between individual scores on the AER contrast
pr! ,' �,• performance on a battery of psychophysical tasks are discussed.

l3a Buck, L. Reactiomi time as a measure of perceptual vigilance. Psychological Bulletin, 1966,
0,291-304.

This article reviews the use made of reaction time as an index of performance
deterioration in monitoring tasks, with special refererce to the hypothesis that reaction time and
detection rate are correiated indices of perceptual vigilance. 1t is concluded that &his is the case,
and a theoretical model relating the 2 indices to changes in vigilance occurring vith time on task
I proposed.

A section of this article reviews physiological correlates of perceptual vigilance.

13 Buck, M. D. Inrrrmatiorn procc;sing and average brain potentials in man. 'Doctoral
dissertation, University of California at Los Angeles, 1972). Dissertation Abstracts
International, '1973, 33, 3973B. (Univertity Microfilms No. 73-1687)

Experim•at I consisted o.•f thrr.;e conditions. The first condition was a control,
requiring No Motor Response (NMR), The second cnndition required the appropriate right or left
response, but the second stimuius (S2) delivered h'o information (N). The third, or Information
(I) condition, delivered information at S2 which allowed the subjects to prepare, during theS2-S3 interval, for the corre.:t response following S3. The results from the second condition, No
Information (N) deronstrated that the addition of a reaction time task to the basic three
stimulus parad;gm preserted in cordition one, No Motor R-.sponse (NMR) caused an increase in
the amp'itude of the slow negative potential shifts, oe contingent negative variation (CNV) prior
to S3, but 52 was not yet preceded by a large CNV, nor did it elicit a large evoked response. In
the third, o, Information (I) condorion, th=e pitch of the second tone pip 52 delivered Information
corresponding to that In the arrow (S3), and a large CNV developed prior to S2, which now
evoked a large vertex response, espec!ally in the time period encompassing the late positive
component or P300 wave.

Experiment II eliminated differential levels of arousal and attention, as indexed by
the CNV prior to the second stimulus, by present!ng four conditions ir, random sequence. A
medium pitched warning tone SI began every epoch. The No information Left (NL) and No
informatler, Right (NR) conditions were characterized by a medium pitched S2 which gave no
infermation abou!j the direction of the arrow S3. In the Information Right (IR) and Information
Left (•t.) conditioi,% the S2 was hig.' o,' low pitched, respectively, allowing preparation fer the
appropriate respont.. The informational S's evoked a larger P300 than the neutral S2s in all
-even subjects, Laterality diffcrenc-s were exhibited in the form of larger CNVs over motor

;.ortex preparlg to respond, and Izrgew- P300 waves to 53 over motor cortex which did not
repond.

O.'her recruits, including those regarding frontal potentials are presented and
disrussed.

O4



!r

140 Buck, R., Miller, R. E., & Caul, W. F. Heart rate and skin conductance responding during

three attention-direction tasKs. h S 1969, 15,291-292.

Subjects were instructed to turn their attention toward' (1) feeling their int-rnal

bodily events (BODY task); (2) remembering events that happened to them on the preceding day

(COGNITIVE task); and (3) looking at a series of slides (EXTERNAL task). They were assured

that P.o verbal report would be required. Cardiac deceleration occurred during the bODY and

EXTERNAL tasks. The BODY task was associated with a decrease on skin conductance

141 Bull, K., & Lang, F. . Intensity judgments and physiological response amplitude.

4 P~syh�p log, 192,9, 428-436.

"Examined heart rate and cortical evoked responses to S sound intensities in 7 male

undergraduates with normal hearing, who were instructed to judge intensity rank of each

stimulus. The cortical potential exhibited a predominantly linear relationship to intensity, with

larger responses evoked by louder tones. However, heart rate show, w ý' ,, a significant linear and

a significant quadratic relationship. 'The tatter tendency, for larger resrusses to occur for high

* and low tortes, inreased progressivety over triat series. Results were paralleled by a quadratic

relationship betweer stimulus intensity and judgment etrors and betweell intensity and RT to

stimulus offset (fewer errors and shorwr latencies for high and low anchor tones). Findings hw

that both physical intensity and S's ability to discriminate stimuli modulated the amplitude of

some physiological responifes, and the Uatter factor increased in influence as S became more

familiar with the stimulus set.

142 Bundy, R. S5, & Fitzgerald, H. E. Stimulus specificity of electrodermal recovery time: An

examination and reinterpretation of the evidence. Psy~chophySiol°y, 1975, 12, 406-411.

Two ex.periments, were designed to test the hypothesis that skin conductance

response recovery time can be (a) independent of other electrodermal measures and (b)

responsive to particular stmulus manipultions when other measures of electrodermal activity are

not. Experiment I employed a reaction time task. The results indicated that recovery time

discriminated between the warning and execution signals only when the number of responses in

the intertrial interval and preparatory 'rnterval differed. For those subjects who responded only to

the signals, the recovery time was strongly correlated with the time si,.ce the previous response.
In Experiment 11 each subject was presented three different stimulus conditions (mirror tracing, A•

rest, and pressor). The recovery time did not discriminate between the stimulus conditions

differently than other electrodermal measures. The results of these experiments suggest that the

recovery time primarily reflects the amount of previous responding and is not independent of

other electrodermal 
measures.



143 Burch, N. R., & Greiner, T. A. A bioelectric scale of human alertness: Concurrent

recordings of the EEG and GSR. Psychiatric Research Reports, 1960, 12, 183-193.

A bioelectr~c scale of human alertness is derived for EEG major and minor period

count as reiated to concurrent GSR amplitudes and count. While period counts of EEG are

obtained automatically, and can be equated directly to dominant and superimposed frequency,
the interpretation of GSR as measure of alertness depends upon distinguishing between GSRs

to specific stimuli and those of non specific origin. GSR response to specific stimuli is considered

a measure of performance refiecting alertness. Both non-specific GSR count and left P-O EEG

minor period count show a m( notonic increase with arousal, and appear to reflect the same

aspect of neurophysiologic statui. Both EEG major period count ar~d specific GSR amplitude
follow a bell-shaped curve except for the paradoxical spike (in the period of light sleep) that has
conflised .*;SR interpretation so much in the past.

144 Bu:gr, G. C. Hezt• rat, , the concept of circulatory load. Egonomics, 1969, 12,
851-864.

TF, funcdional demands of different types of work-,oad (dynamic and static

musciolar work, exposure to extreme hot or cold climates and the mental load causeJ by
emot: )nal stress and by the processing of information) are discussed in this paper. The need for
absol te and comparative or relative measurement or estimation of these functional physiological
dema:ds in dif,:erent work situations are considered. The validity of oxygen consumption of the
body and of he irt rate as an integral ergonomics measure are critically discussed. It is pointed out
that these meaj ires have only a high validity when (heavy) dynamic muscular work is considered.
However, in muscular work of a static type and in thi other types of work-load mentioned
(climatic and mental conditions) there are many restrictio,.s on their validity.

Moreover, from the point of view of occupational medicin, and ergonomics there is

a need for specific, kncwledge about the load of different organic (functional) systems. Therefore,
the concept of circulatory load is put forward and its value as an ergonomics measure is
advocated.

The use of heart rate alone as a mea!ure of circulatory load has a rather restricted
value. It is shown that the intrinsic value of each heartbeat as a measure of circulatory load
differs geatly in diff'erent tyres of work-load, since apart irom heart rate, stroke-volume and

nmean blood pressure show various patterns of reaction inr these conditions.

The possibilities of exact measurement of these data in the practical work situation,
however, are still rather limited. Neverthelesi, when using heart rate as an ergonomics measure,
hese additional quantitative data determining the circuiato-y load and their reactions on

Jifferent types of work-load should be carefully estimated and taken into account as much as
possible.

I,



•146 Burgess, M., & Hokanson, J. E. Effects of Increased heart rate on intellectual performance.

journal of Abnormal and Social Psychology, 1964,63, 85-91.

A significant correlation found in a pilot study between heart tate and Digit Symbol

performance was utilized to investigate effen.ts of type of arousal Induction on performance.

Sixty Ss were arranged in a 3 X 2 factorial design, divided into high and low drive via heart rate.

Ss first performed on a Digit Symbol task; followed by a frustrating experience, physical

exertion, or nonfrustrating task; followed by readministration of an alternate form of the 1st

Digit Symbol problem. The results showed that the re!ation between activati ýi and perfurmance,

in most instances followed the hypothetical inverted U function.

140 Burgess, M. M., & Hokanson, 1. E. Effects of autonomic arousal level, sex and frustration

on performance. Perceptual & Motor Skills, 1968, 26, 919-930.

Investigated the effects of initial heart rate level (drive), sex and frustration on

symbol-matching performance in 176 students. Low (LD), moderately low (MLD), moderately

* high (MHD)W, an high (HD) heart-rate Ss worked on a modified digit-symbol problem before and

after a frustration or no-frustration manipulation which raised heart rate on the average 20.6 and

2.96 beats/min respectively. The results show that MHD and HD Ss complete significantly more

matches initially than LD and MILD Ss by manifesting both shorter response and intertrial

interval latencies. Furthermore, frustration induced autonomic arousal facilitates performance

improvement for LD and MLD Ss and decelerates performance improvement for MHD and HD
Ss. Frustration-induced arousal exerts this effect by altering response latency only. No sex
differences were obs-.rved.

147 Burns, N. M., Baker, C. A., Simonson, E., & Keiper, C. Electrocardiogram changes in
prolonged automobile driving. erceptual & Motor Skills. 1966, 23, 210.

Expkcratory work investigated electrocardiogram (ECG) changes during nearly
continuous di iving cver distances of 200-700 miles. Data were obtained for a total of 6000 miles I
of driving. The electricai activity of the heart was noted to respond distinctly to duration of
driving and critical road situations. It appears that significant ECG changes may occur in healthy
Ss during long distanceý driving which would be considered abnormal in response to other stress
situation;.

1,6 Burn%, S. K., & hMeizack, R. A method far analyzing variations in evoked responses.
Ele';u'ocncepI-aloggriphy ind COirical Neurop.hsiology, 1966, 20, 407-409.

This study illustrates twiG examples in which the usual assumption of an unchanging
probability distribution made to justify averaging is not true. In both the behaving animal and the

sleeping human subject large changes in the amplitude and wave shape of the evoked response
occur in the time needed Wc obta;n an average with a reasonably large signal-to-noise ratio. This
result points out the risk in inferring a causal relationship between a behavioral manipulation or
oblervation and a change from one average to another in the amplitude or wave shape of the
averaged evoked response.
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1.W Busk, J., & Galbraith, G. C. EEG correlates of visual-motor practice in man.
Electroencephaloaphy & Clinical Nurophysiology, 1975, 38, 415-422,

Speciail analysis of EEG signals was performed for 15 male undergraduates engaged
in 3 motor tasks of differing difficulty--eye, hand, and eye-hAnd tracking. A measure of average
weighted coherence (C) was computed between the 6 possible combinations of 4 scalp areas: 02,
C•. C4 and F.. In all Ss, regardless of task, scalp recordings over cortical areas known to have
relatively dense fiber L•onnections had significantly greater C values. However, the effects of task
difficulty arid practice were superimposed upon this basic pattern. Thus, the most difficult task
(pursuit-rotor tracking) resulted in the highest coherence levels, while the least difficult task
(visual tracking only of the pursuit-rotor disk) resulted in the lowest coherence levels. Practice,
on the other hand, was associated with a significant decrease in overall level of coherence. This
decrease is consistent with an inturpretation of reduced tz-sk difficulty doe to visual-motor
learning. Results suggest that patterns of scalp EEG coherence may reflect some aspects of the
underlying pattern of anatomical pathways, as weil as the more dynamic properties of task
dilficulty and visual-motor practice.

160 Butler, R. A. The auditory evoked resnonse to stimuli producing periodicity pitch.Psychophysiolo, 1972, 9, 233-237.

The cortical evoked response in man to an amplitude modulated complex sound was
investigated in order to find out whether the response reflects the acoustic spectrum of the
stimulus or its modulation rate. The complex sound consisted of a train of square waves repeated
200 times a second and filtered so that only the acoustic energy confined predominantly to the
region of 1000 Hz was delivered to the listener. Perceptually, the pitch of this complex sound in
in the neighborhood of 200 Hz.

The results from 10 listeners, tested repeatedly, showed that the presence o'. 1000 41|
tones interposed between successive presentations of the periodic complex stimulus served vi
habituate the response to the latter; intervening 200 1-17 tones exerted reiatively little effect on
the responsiveness to the periodic stimulus.

These data suggest that periodicity differences in stimulation at the periphery arenot converted into place differences at the levei of the auditory cortex; that 7, low-pitched sound
is not necessarily mediated by those neural units maximally responsive to low frequency. sinusoids.

151 Butler, R. A., Keidel, W. D., & Spreng, M. An investigation of the human cortical evoked
potential under conditions of monaural and binaural stimulation. Acta Oto-Laryngologica,
1969, 68, 317-326.

The human cortical potential evoked by a 1000-Hz tone was recorded under
conditions of binaural and monaural stimulation which covered a wide range of stimulus
intensities. The results showed that (1) the curve for the amplitude as well as for the area
confined by the potential increased with increases in Atimulus intensity. At higher stimulus
intensities, these curves leveled off. (2) Bilateral stimulation generated larger cortical potentials
than did monaural stimulation. (3) Latency of the potential decreased with increases in stimulus
intensity. When the monaural stimulus was (,:livered to the ear coitralateral to the active scalp
electrode, the various components of the potemnial showed con!.istently a shorter latency than
when the monaural stimulus was presen.ed ipsilaterall,.

wt



152 Butler, S. R., & r'lass, A. Alpha rhythm and fine eye and eyelid movement. Nature, 1970,
228, 1110-1112.

These findings are inconsistent in a numbew of respects with the view of oc.ular
tremor as a generator of alpha rhythm. The predominant frequencies of ocular tremor are
markedly different from those of simultaneously recorded alpha rhythm. The rarndom
components of ocular movement contrast with the redundancy of the alpha rhythm; one would
expect coherent signals originating in the orbit to be obscured by superimposition of neuronal
activity when measured at the scalp. In fact, the reverse is observed. Even if, in the present study,
the eyeball were oscillating at alpha frequency under the closed lid, such movement is evidently
not essential for the appearance of alpha rhythm at the scalp. In view of the retationship between
the amplitude of saccades and the artefacts they induce in the EEG, one would expect to record
very conspicuous tremor of the eyeball when alpha rhythm occurred with the eyes open. This
was not the case.

Although these findings seem to preclude an orbital origin for the alpha rhythm, the
cross correlations argue for a weak interaction in the opposite direction. That is to say, eye
movement may be modulated by alpha rhythm. This will occur when conscious control of
fixation wanes or is interrupted by eye closure.

153 Butler, S. R., & Glass, A. Inter-hemispheric asymmetry of contingent negative variation
during numeric operations. Electroencephalograosy and Clinical Neurophysioloy, 1971,
"30, 366. (Abstract)

Contigert negative variation (CNV) associated with the exposure of the numeral was
compared over left and right parietal and frontal region.;. The amplitude of the CNV was
significantly greater ovei the left hemisphere, and its onset sooner, in right-handed subjects whitethe effect was reversed in the one left4-anded subject in the study. In only 1 out of 13 subjects
was the amplitude of the CNV greater over the putatively non-dominant hemisphere and then
marginally so. The data are taken to support a view of the functional asymmetry of the cerebral
hemispheres for some processes of mental arithmetic in Otat the state of expectancy of the
hemisphere doing the work is greater than that of the other hemisphere. The re-ults are compared
with a parallel study which d'emonstrated differences in the amplitude histogram of the EEG over
left and right hemispheres during calculation.

Ie
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1164 C.adl, W. W., Nash, A., & Singer, I. h. Ihe late po~itive components of the human EEC. in a.1
signal detection task. Neuruycholocla, 1974, 12, 385-387.

Attempted to eeplicate a study by S. Hillyard et al (1971) *hich used human Ss in a
signal detection task and obtained a prominent late positive component (LPC) of the EEG only in
the Hit category of responses.They concluded that the LPC reflected S's degree of certainty that
.a signal has occurred. In contrast the present study, which used 8 undergraduates, found that the
LPC occurred in the Hit, Miss and Correct Rejection categories of responses, thereby supporting

* the hypothesis that the LPC is a correlate of uncertainty reduction and does not directly depend
*• on the physical presence of the signal.

166 Caidle, E. J. Contribution a l'etude des processus de vigilance: Approche
Psychophysiologique de la veille radar. jStudy of the process of alertness:
Psychophysiological approach to radar watch.1 Proceedings of Second International
Congress on Ergonomics. Dortmund, 1964, 231-235.

The search for better predictors of alertness, it seems to us, should be aimed in two
directions: more detailed analysis of the components of the personality of the operator, and the
automatic an,•ysis of the electrophysiological potentials resulting in the matching of the subiect
to the task (particularly EEG). This requires the collaboration of trained clinical psyLhologists, on
the one hand, and neurophysiologists supported by electronics experts up-to-date in the
methods of trace analysis by auto- and cross-correlation, on the other.

Thus, objective predictors could be identified which will lead to the establishment of
an intertorrelation matrix and the determination of their hierarchy using the method of multiple
correlation coefficients.

Thus, the processes of alertness would be studied from an overall perspective, likely to
be exhaustive, and without preconceived ideas in the choice of parameters subject to
experimentation.

186 Caille, E. I. Psychophysiologie de la veille-radar. IPsychophysiology of radar-viewinllg
Travail Humain 1964, 28, 143-144. (Abstract)

Within all individuals there was a significant increase in the duration of alpha tromr
the first to the third watch. The occipital rhythm became more and more frequent in the Course
of the test.

This increase was not accompanied by a significant decrease in the late otiJletections.

Exploratory eye movements progressively disappeared during the first houn, kt the
watch.

The amplitude of plethysmographic oscillations regularly decte.ased, ind,(.tlin a
-ertain adaptation to the watch: it should be noted that this task was more ilonotonoiti andnl I'%
itressful than a normal operational watch.
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157 Caille, E. J., & Bassano, j L. Biorhythm and watch rhythms: Hemeral watch rhythm and
anhemeral watch rhythm in simulated permanent duty. In R. R. Mackie (Ed.), Vjgj&.j
Theqq, operational performance, and physiological correlates. New York. rlenum Press,

The simulation of a 30-day submarine submersion with a volunteer crew of 24
men provided the framework for a comparison between two work/rest cycles within a crossover
balanced design: a 72-hour period rhythm, as practiced in the Navy, with 4 hours of sleep shifting
or sleep splitting in cyclic transposition for each third part of the crew; and a 24-hour peoiod
rhythm, with permanent 8 hotrs or 16 hours of sleep shifting for each third part of the crew.

The strong advantz'ge of the second alternative compared to the first is evidenced in
the slee orocess, behavioral efficiency, mood, and circadian biochemical parameters.

111 Caille, E. 1. P., Bock, G., GoybeE, P., Requin, I., & Roman, C. Problernes methtodtlogiques
poses par I' etude psychophysio!ogique du - iveau d' efficience dans les taches de guidage.
(Methodological problems encountered in the psychophysiological study of efficiency level
in guidance tasks.j ctes du Troisieme Congres de la Societe d'Ermunomie de Lanre
Francaise, Bruxelles: Presses Univet._taires de Bruxelles, 1968.

This report presents evidence that a spectral density analysis of EEG data is superior
to an auto-correlation analysis in assessing variations in vigilance level.

W Caille, E. j. P., Quideau, A. M. C., Girard, 1. F. J., Grubar, J. C..& Monteil, A. C. Loss of
sleep and combat efficiency: Effects of work/rest ;ycle. In W. P. Colquhoun (Ed.), Auets
of human efficiency: Diurnal .nthm and ,o.s of sleep. London: English Universities Press,
1972.

A 64 hours to 72 hours sleep loss did not severely impair the fighting capahilities of
a small volunteer group of well trained and well motivated enlisted men. Only lonC-term memory
and decision making proved to be very sensitive to such a deprivation. B.-tween-ubject
differences were brought out particularly clearly when 2 x 12, 2 x 6 and 6 x 4 work/rest cycles
were followed; these differences were more marked during night-work than during day-work.

Consequently, if the military authorities require the members of a group to display
homogeneous capabilities, it would be advantageous to adopt a 3 x 8 work/rest cycle, since this
minimizes the between-subject differences. If, however, there is a requirement for men who are
able to sustain high levels of performance when working either on 2 x 12, 2 x 6 or 6 x 4 cycles, it
is recommended that individuals should be selected according to psychological anO physiolog",al
criteria described in the present investigation, which have been shown to be statistically reliable.



IM Callvay, E., III Factors influencing the relationship between alpha activity and visual
reac.tk)n time. Electroencepha!2Loaphy and Clinical Neurophysiolojy, 1962, 6714 -682.

Studies have been reported cun(erning the telationship between alpha activity and
visual reaction time. Evidence is presented to indicate that for a given individual there is an
enduring tendency for particulAr phases of the alpha cycle to be associated with fastest or slowest
reaction times. Evidence is also presentid to indicate that the alpha phase at which stimulation
evokes slowest reaction time is not igiiuf'.canl' - or consistently shifted by altering the stimulus
intensity. This would suggest that alpha Jhase may be indirectly related to cortical excitability,
and stimulus intensity may alter this relaLionship; or else that alpha phase may become related to
reaction time much earlier in the course of i -vral events than has been suspected.

1I6 Callaway, 1., Iil. Response specd, the EEG alpha cycle, and the autonomic cardiovaiscular i
Scycle. In A.T. Welford & J. E. Birren (Eds.), Behavoir, a&gi and the nervous system.

Springfield, Ill.: Thomas, 1965.

Alpha cycle influe,,nces responses to visual stimuli early in the course of neural
ev 'nt'. It influences reaction time and brightness judgment, but the phase relationships are
variable. By contrast, the autonomic cardiovascular cycle influences only reaction time and is
independent of stimulus modality. It appears to reflect a wave oi motor inhibition paraileling
sinus and vagal autonomic afferent discharge.

102 Callaway, E., Ill, & Laynt, R. S. Interaction between the visual evoked response and two
spontaneous biological r0.ytms: The EEG alpha cycle and the cardiac arousal cycle.
Annals of the New York Academy of Sciences 1964, 112,421-431

In studying alpha cycles, we find changes-in the visual evoked response that parallel
changes in bthavior. However, it. casi be shown that alpha phase influences reaction time eariy in
the course of neural events leading from stimulus to response. For the cardiac arousal cycles,
there are no chanFs in visual evoked response that parallel behavior. Lacey found evidence Zhat
arousal increases motor readiness. Perhaps our findings indicate that the cardiac arousal cycle
influences simple reaction time quite late in the course of neural events-that is to say, by
influencing motor readiness. If this is true, perhaps if we time-lock our averaging to the motor
output instead of to the sensory input, we might find consistent cardiac arousal cycle changes
from person to person.

163 Callaway, E., Ill, & Yeager, C. L. Relationship between reaction time and
electroencer,halographic alpha phase. Science, 1960, 132, 1765-1766.

Demunstrations of a relationship between human 8 to 13 per second (alpha)
electroencephalographic activity and simple visual reaction time can be made at reliable levels of
confidence by (i) sampling reaction times to stimuli given at phases of the alpha cycle 10 msec
apart, (ii) selecting the phase with the slowest reaction times, and (iii) collecting enough reaction
times to stimn-.i at this and some other control phase for statistical comparison.
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1e4 Campos, 1. J.,& Johnson, H. j. The effects of verbalization instructions and visual attention
Son heart rate and skin conductance. PsychophysioloY, 1966, 2, 305-310.

Investigated the 4.ffects of ,ebalization •nstructions and amount of visual attention

on direction of change of heart rate (HR) and skiol conductance (SC). Little evidernce for
directional fractionation of SC and HR was fouad with the conditions used. The variable of
verbai'zation instructions produred a highly significant effect on HR and SC, and conditions of

no- verbalization produced a consistent but ,tonsignificant decrement in HR. Other Jegrees of

verbalization produced incremnents in HR. A visual attention variable produced no significant
•:i effect on either HR or SC, although means w~jre arranged in order of increa~ing activation with

increase in visual attention (stimulus complexity). Results are interpreted as being opposfd to zn

intake-rejection hypothesis sLch as has been proposed by Lacey to account for directional
fractionation of response and for HR decrements. Instead, it is suggested that the requirement to
verbalize cin produce important charges in degree and direction of autonomic activation.

1ie Campos, J. J., & Johnson, H. J. Affect, verbalization, and directional fractionation of
"autonomki responses Psychophysiolo y, 1967,3 285.290.

An experiment was designed to evaluate the effects of pleasantness and
unpleasantness and instructions to verbalize on directional tractior.ation of autonomic response.
Degrees of pleasant and unpleasant stimulation were presented to Ss under two -verbalization
instruction conditions. Something like directional fractionation •was found for the very
unrleasant no-verbalization condition only, but the pattern disappeared upon the addition of a
later-verbalization requirement. More generally, it was found without exception that conditions
of no v'rbalization are accompanied by cardiac deceleration, regardless of degree or of quality of
affect, while later verbalization conditions produce cardiac acceleration, again regardiess of

degree or quality o'l affect. The authors conclude that verbalization instructions are inportant for
determining the degree and direction of cardiac activation.

106 Cannings, R., Borland, R. G., Hill, L. E., & Nicholson, A. N. )itch and formant analysis of
the voice in the investigation of pilot workload. In K. E. Klein (Ed.), Methods to assess
workload. AGARD Conference Preprint, No. 216, 1977. (Aviilable from- National
Technical information Service, 5285 Port Royal Road, Springfield, VA 22151.)

In view of these considerations the approach adopted ,or the present study was to
use computer techniques to extract parameters trum the speech waveform which would be
amenable to stctistical analysis, and to compare the structure of a pilot's speech wav,!form at
diftcrent points in the flight profile. Physiological data and subjectivw ;sessments may be used to
indicate the workload of ahe flight profile, and so it should be possible to correlite voice
parameters with known w(..rkload. In the present study we concentraw J on the call sign of British
Airways - "Speedbird", and by using z single word, both pitch and formant information ha; been
analyzed.
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i6*e7 Cant, B. R., & Bickford, R. G. The effect of motivation on the contingent negative
variation fCNV). Electroencephalography and Clinical Neophysioloy, 1967, 23, 594.
(Abstract)

The reaction time associated with the avoidance paradigm was significantly differentSfrom that in the other two operant paradigms.

These experiments show that whereas a subsequent noxious stimulus increases the CNV
most in the central and parietal areas, its avoidance has the most effect on the frontal CNV. This
suggests that the CNV may not be a unitary process, and that sensory and motivational effects
may be mediated by different mechanisms.

S16 Caperell, C., & Shucard, D. W. The visual evoked potential is an index of cerebral
laterali-ation of cognitive processing. Psychophysiol opy, 1977, 14, 90-91. (Abstract)

Recently, investigators have attempted to study hemispheric functional
specialization in intact individuals using electrophyskiogical techniques. The findings of these
investigations, although tending to support the clinical evidence, have not been clearly convincing.
In zn attempt to overcome some of the Jifficultis present in previous studies, we utilized a
paradigm in which the visual evoked potential (VEP) was used as a probe to assess hemispheric
functional specialization during conditions of ongoing cognitive processing of information.

Subjects were musically naive college students who were strongly right-handed.
Determination of handedness was based on a series of behavioral tests. Temporal and parietai
VEPs to irrelevant flash stimuli were obtained while subjects were engaged in Mental Arithmetic,
Musical Pattern Recognition, and Attention to Breathing tasks. The procedure a!lcwed the
experimenter to carefully monitor the subject's involvement in the task through continuous checks
on performance, and also provided controls for movement, expectancy effects, and evoked offset
,esponses. Only data from those subjects performing adequately on all three cognitive tasks were
I.:cluded in the final analysis.

Analysis of the data indicated that the amplitude of the VEP to an irrelevant (probe)
stimulus was attenuated in the hemisphere most involved in the ongoing cognitive processing.
That is, differcnces in amplitude between right and left hemispheric VEPs showed significantchanges across the experimental conditions, with the right-sided VEP showing a higher rclativc
amplitude than 'he left during Mental Arithmetic as compared to Musical Pattern Rec•'gnit~on.
These findings were most pronounced for the temporal placements. The results suggest that the
lateralization of ongoing cognitive processing can be demonstrated in a paradigm such as this, and
that the VEP used in the manr r described may indeed provide a useful technique in studying
this phenomenor,.

"69 Carpenter, A. The ,'ate of blinking during prolonged visual search. Journ1a! of Experirmental
Psycholgy, 1948, 38, 587-591.

Air experiment is described, in which the rate of blinking increased b;, 43 percent,
during the performance of a two-hour watchkeeping task. This is submitted as evidence that the
rate of blinking can be used is a criterion of visual effiency.

4
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170 Carriero, N. j.PzysiolIogicai correlates of performance in a IonC~ Juration repetitive visual
task. In R. R. Mackie (1d.,, Vigilance: Theory, operational prfo: mance, and phvsiolo.i-
cal correlates. New York: Plenum Press, 1977.

This study examined the effectiveness of heart activity (HR), respiration (RESP),
muscle activity (EMG), skin conductance 1SCL), ana. brain wave activity (EEG) i;
discriminators of correct vs. incorrect performance in a repetitive visual tmsk of approximately
two hogrs duration. Separate analyses were made of the data t3 listinguish the operation of task
difficulty from performance accuracy. In addit",on, both of the analyses were repeated using
standard score transforms of th2 raw data to compensate for individual differences. An
interactive statistical design was employed in order to assess the differential changes of the
physiological variables with accuracy over time. This design proved to be of crucial importance to
assessing this relationship since the accuracy main effect for RESP, EMG and HR was
non-significant in all four data treatments. The accuracy-by-timc interactions were significant in a

number of instances and established the efficacy of these parameters as discrimin"tors of
performance adequacy. Additionally, the standard score transforms proved essential to
establishing these relationships when the variance in task difficulty was eliminated. The
implication of thuse findings for the development of an alertness indicator is also discussed.

171 Carriero, N. J., & Fi'e, J., Jr. Cardiac deceleration as an indicator of corrcct performance.
Per ceptiat and Motor Skills, 1977, 44, 2 75-282.

A within-S experiment involving 10 Ss was performed to examine the relationship
between the accuracy of position judgment and cardiac deceleration.Thle restilts supported the
hipothesis tý-at accurate (correct) performance is accompanied by greater cardiac deceleration
than inaccurate performance for those Ss (9 out of 10) who exhibit cardiac deceleration to
stimulus onset. The data indicatkd, however, that the relationship varies with time. Part of this
variability appears to be due to the initial e,.ploratory behavio, that Ss engaged in and later
reported during the post-experiment interview.

172 Carroll, D. Physiological response to relevant and irrelevart stimuli in a simple reaction
time situation. In A. T.Welford (E2.), Man under stress. New York: John Wiley & Sons,
1974.

Simple reaction time to a ýight was measured under tw.o c.onditions: (a) with an
intense (100 db) or moderate (60 db) auditory stimulus alway coming 5 sec before the light; and
(b) with a random relationship between the times at which the auditory stimuli and lights
occurred. Response times showed relationships with a physiological measure of autonomic
response. The results are discusssed in term. of: (i) orienting and defence reactions to potentially
stressful stimuli, and (ii) intense auditory stimuli 3s stressors.

173 Chapanis, A. The search for relevance in applied research. In -N. Singleton, J. Fox & D.
Whitfield (Eds.), Measurement of man at work. London: Taylor and Francis, 1971.

* A portioti of this paper deals with the relationship between physiological variables
and performance on arithmetic and probability monitoring tasks.
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174 Chapman, R. M. Evoked responses to relevant and irrelevant visual stimuli while problem
solving. Proceedings of the 73rd Annual Convention of the American Psychoo__Zic-
Association, 1965,17-178. (Summary)

The results of both experiments suooort the interpretation that evoked iesponses are
larger when the stimuli are retvart to the task and, in addition, that evoked responses are largye
for stimuli with more complex shapes.

17i Chapman, R. M. Evoked potentials of the brain Melated to thinking. In F. J. McGugian & K.
A. Schoonover (Eds.), The psychophysiologv- of thinking. New York and London:
Academic Press, 1973.

In summary, sensitivity to the details of mertal behavior and correspondence in time,
recommend the averaged evoked potential as a good candidate for studying the psychophysiologyI
of thinking. Rather subtle changes in task requirements are correlated with AEP cnanges. These
changes occui within a fraction of a second. Furthermore, the AEP is composed of a rich
number of componer.ts, about 15 orthogonal ones in our relatively simple experimertal situation.
The AEP effects may be related not only to prestimulus processes, but also to poststirnuhls
processes. Consequently, simple hypotheses such as attention or arousal are not sufficiert tc
explain the AEP effects. It ;s necessary to consider more refined operators which have properties
of discrimination of stimulus classes within a sensory modaiity, quick change, and response
differentiation.

178 Chapman, R. M., Armington, J. C., & Bragdon, H. R. A quantitiative survey of kappa and
alpha EEG activity. Electroencephalography and Clinical Neurophysiolopy, 1962, 14,
858-868.

The distribution of kappa scores suggests that differences between sub-ects are
quantitative father than qualitative. Hard tasks, such as adding, tended to give higher kappa
scores and lower alpha scores than easy tasks, such as counting and keeping a "blank mind". The
idcrease in kappa activity on hard tasks was found both with eyes closed and eyes opcn, whereas
the decrease in alpha activity on hard tasks was found only when the eyes were closed. Regardless
of task difficulty, both alpha and kappa scores tended to be higher when the eyes were closed
than when they were opet?. The effect of eye condition was much greater on the alpha scores
than Gn the kappa scores. The EEG scores aiid the findings were highly reliable.

Evidence supporting the distinction between kanpa :nd alpha EEG activities was
presented. Simultaneous kapppa and alpha scores were quantitatively accounted for by assuming
that the kappaand alrha activities are independent and occu, simultaneously bý, chance.
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t77 Chapman, R. M., &Bragdon, H. R. Evoked (espon.ies to numerical and nonnumetical visualI

stimuli while problem solving. Natue, VNA, 20, 1155-1157.

The main finding appearm to be general. Larger evoked responses were obtained to
numbcrstimuli thin 1tý blank stimuli in Al persions tesced.

A variety of control runs have been made. The effect Gf a different Irrelevant
stimu!us and different sequences of stimuli are illustrated. A plus sign (+) was used ýýcause it wa5
similar to the number stimuli in having approximately the same luminance iand gencial mieaning
by virtue of the subject's language history. When a plus was used in the second position in place
of a blank. the response tended to be larger and have a waveform more like the number r'esponse.
Nevertheless, the response to the irrelevant plus was smaller than Lie response to ttwi. relevaot
number. When a plus was used in the first position, itt response was larger. It is suggested that its
Wak relevance is increased in this position iA that it signif ies the start of each trial.

1718 Chapman, R. M., Shelburne, S. A., Jr., & Bragdon, H. R, EEG alpha activity inkluenced by
visua'. input and not by eye position. Electroencephalograph' and Clinical

'4 Neurophys,ology. 1970,,28,183-189.

Recent investigations hove suggested th~at evaluation of the eyes is avsociated with a
marked increa-se in EEG alpha activity. Ooir experiments showed that vertical eye elevation had
no direct ir~fluer~ce on alpha activ'ity. In Preliminary and Main Groups of thirteen and twenty-two
subjects, an EEG electronic scorer was used to measure the amount of tirne that alpha activity
was present from the left and right hemispheres in the following comparisons: (a) Fye positicnis
ahead Ys. up in the light, (b) eye' ahead -.. up in the dark and (c) eyes opern vs. closed in the
light. In the Main Group, fixation targets for the eye ahead and eye-up positions and
electro-culogram records of eye position were addevu. In the dark, where CUi"ferential visual input
was eliminated, the aiphat index did not increase when the eyes were elevated. Diffe,-ences in
alpha activity related to eyc position ir. the light condition were decreased when differetitialI
visua,' input was decrea'sed by the use of fixation targets. The effects of variables confounded with
eye position, e.g. patterned visual input to the retina, accommrodat ion, fi~ation, and effort required
to maintain ,- specified eye position, are discussed. In these experiments, the main variable that
determined increase in alpha activity was reduction in visual input, either by closing the eyes or
extinguishing the light;.________ ___________ ___________

172 Chase, W. G., Graiham, F. K., & Graham D. T. Components of HR rehponse in anticipation
of reaction time and exercise taAs~. Iounal of Experimental Psycholoy 1968, 76
642-648.

Examined cardiac rate changes during the 4-sec l'ore-period of an kT task itivolving
either exercise or the traditional button pu.ih response. Three components )f the heart rate

* response were identified-, (1) an initial deceleration to the ready signal, (2) an intarmediate
..OMPonent which stabilized below prestimdlus level in anticipation o01 a .utton push but
acr~elerated in anticipation of exercise, and (3) a deceleration immedia-tely preceding the po
sigoal. The initial deceletz'tion appeared to be an unconditioned orientinig reflex to the rezdy
signal and the deceleration preceding the, go signal, a conditional attentio" response. It is
suggested th.At en~ergy and stimuluis reception requirements determined cardiac responses.
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ISO0 CK~sc., W. G., Gra~ham, F. k., & Graham, D. T. Components of HIR respon~se on
anticipation of reaction time and exercise tasks. Psychophysiology, 1968, 4, 503.
(Abstract)

Tested whether or riot lv-ccdinr acceleration is necessary for deceleration by using a
readly signal that elicited o'nly decekcration in a nonsignal situation and whether anticipated
euergy expenditure affects the hvar; raze (H-R). Two experiments, one a between S and one a
within-S design, examined HR change during the 4-sec foreperiod of an RT task involving either

exercise or the bi-tton-push response. The HR curve for both experiments showed a cubic trend
which accounted for 99% and 96%, respectively, of the secornds variance and included (1)I
iirrm'-iate deceleration that Appeared to be an unconditioned orienting 7eflex to the ready signal,
(2) stabilization or acceleration depending upon the task, and (3) deceleration preceding the go
signal, presumably a conditioned "attention" response. The tasks effect was demonstrated by a
significant difference in linear trend that accounted for 93 and 66% of the tasks by seconds
variance. Results indicate that the respanse is a function both of anticipated energy requirements
and of stimulus recepdion requirements.

181 Christie, B., Delafield, G., Lucas, B3., Winwood, M., & Gale, A. Stimulus complexity and
the EEG: Differential effects of the numbt:• and the Variety of display elements. Caada

journal of LPStchlogy, 1972, 26, 15S5-1 70.

Berlyne (1960, 1963j, 1 967) has suggested that the collative properies of
stimulation, irncluditig stimulus complexity, can affect the Arousal level of an observer. Several
previous ex~perimeints have demonstrated that stimulus complexity does affect tire EEG (e.g.
Berlyne & McDonnell, 1965; Baker & Franken, 1967; Berlyne et al., 1967; Gale, Dunkin, &
Cobes, 1969; Gale, Christie & Penfold, 197P~., However, many of these experiments confounded
different dimenisions of stimulus complexity. Furthermore, all failed to demonstrate that
perceived complexity varied in accordance w~th the independent variable. The present

m~any of the previous experiments. I I is concluded that the number and the variety of elements inexeiet aontsfe rmt~s ekess rfrmsvrloreswihcaatrz
visual display are two dimensions of stimulus complexity which may affect the EEG in different

*ays.
102 Chuprikova, N. 1. Issledlovanic vy/vannykh potentsialov u checloveka i fiziologicheskic

korrelyaty vnimaniya i proizvol'n-ykh dvigaitel'nykh reaktsii. IThe study of evoked
potentials ire man and the physiological correlates of attention and voluntary motor

response.I prosy Psikhologi . 1967, 1,3, 175-183.

Areview of non-Russian research on evoked potentials and attention in man.
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183 Ciganek, L. The effects of attention and distractionon the visual evoked potenial in man:A
preliminary report. Electroencephalography and Clinical Neurophysiology 1967,
Supplement 26, 70-73.

The effects of attention and distraction on the visual evoked potential were
investigated in twelve normal subjects. Single and ooubl? flashes were used. In general, the
amplitudes of the responses during attention were significantly gfeater. Opposite results were
possible but less frequent. The enhancing effect of attention was different for the various waves.
Some waves were even regularly depressed during attention. The effects of attention and
distraction were more pronounced in the second facilitated response io double flashes, again with
the exception of some waves. The possible significance of these events is discussed.

1*4 Ciganek, L. Variability of the human visual evoked potential: Normative data.
Electroencephalography and Clinical Neurophsiology, 1969, 27, 35-42.

1. Visual evoked responses of twenty normal subiects (50 from each of them) were
recorded, graphically digitalized and studied by means of digital computer techniques, mainly for
their variability.

"2. The amplitude variability of the individual average responses - averaged from the
50 single resronses of each subject - is due mainly to the background activity, the variability of
the evoked potential being mostly negligible. In about one half of the subjects there is a
significant decrease of variability about 80 msec after the stimulus, due to blocking of
background activity. Other significant short oscillations in variability of less clear origin are
described and discussed.

3. The average group respý nse (across the whole group of subjects) supports the
existence of a standard, though inter-individually very variable, human visual evoked potential.
The dispersion of the amplitudes of the individual average responses about the average group
responses rises with the wave latency.

4. With the method used it is possible to compute the probability with which a
particular wave of the average response is due to the evoked potential or to noise (background
activity'. Examples are given mainly in connection with the problem of reliability of low voitage,
short latency waves of the EEG response.

5. The latency variability is greater with long than with short latenty waves. There is
also a slight increase in variability in the initial short latency waves (I and II) but this is probably
due to the background constituent as these evoked potential waves are of low voltage.

83]
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16 Ciganek, L. Visually evoked potential correlates of attention and distraction in man.
Psychiatrna Clinica, 1969,_2, 95-108.

The majority of the constituents of the visual evoked potential in man present
significantly higher amplitudes with attention than with distraction. Some definite components
(waves V and Va) present a clear opposite tendency. All described changes are variable from S to S
and in the same S from 1 measurement to another. The described effects are more pronounced
with the 2nd facilitated response to the double flash and less pronounced with lower stimulus
intensity. Results suggest existence of a rather' large number of Pncontrolled factors influencing
the amplitude of the evoked potentials.

166 Ciofu, I. Le rendement de la memoire involontaire par rapport a la memoire volontaire et
la concentration de I'attentiorn. IThe effectiveness of involuntary memory in relation to
voluntary memory and concentration of attention. 1 Revue Rournaine des Sciences
Sociales: Serie de Psychologie, 1968, 12, 55-73,

Ofie of three variants (words, numbers, geometric figures) is applied to each of three
groups, each composed of 12 Ss who are tested sitigly and only once in 2 phases to determine: (a)
in what way the involuntary memorization (IM) of the marginal elements (a letter, a number, and
a simp!e geometric figure, all equal in size) in the task is a function of the difficulty (easy,
average, difficult) of the variant ("central element") to be memorized voluntarily, and (b)
whether memorization perormances correlate with bioelectric findings (EEG, GSR,
dectro-oculogram) on visual perception, and the amount of attention or effort during the activity.
Results indicate that mechanisms common to perception and memorization are able to assume a
different role, depending on the performance level. What appears to be memorization in the early
stages is actually perception followed by comprehension. This also takes into account, the transfer
of attention from I element to another during VM or IM, as well as the commutation ot
attention from 1 osvch.logical process to another (perreption to memorizaLion and vice versa),
accomplis.,ed in a nondeliberative manner. A hypothesis for improvicig I1M, based on evidence of
greater efficiency during the IM of variants of avenge difficulty with an average effort, is
advanced

167 Ciotu, I., & Floru, R. Electroencephalographic investigations of set. Revue Roumaine des
Sciences Sociales: Serie de Psychologie, 1965, 9, 195-210.

Experiments on 24 normal Ss with bioelectrical correlates of set(general and
selective) indicate that: (1) the rest EEG was desynchronized and the photic potentials were
facilitated after the S was instructed that he had to perform various tasks when hearing certain
acoustic stimuli; (2) after elaboration of a set (perceptual, motor, intellectual) to coupled
positive tones, differentiated from coupled negative ones, tI'e photic potentials were facilitated ir
the foreperiod of the relevant signal (the 2nd wone); (3) when repeating the same task., the period
of activation corresponding to the set became .shorter; and (4) different degrees of arousal in
relation to the difficulty of the task were obsgried.
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S1661 Ciofu, I., & Milcu, A. Contributii la studiul mecanismelor neurofi.iolcgice ale atentiei: iMl.
Cer,ýetari electroencefalografice cu privire [a fenomenul de "obisnuinta" la om.
[Contributions to the study of the neurophysiological mechanisms of attention: I1l. EEG
research on "habituation" in men.1 Revista de Psihologie, 1965, 11,387-404.

Study of the appearance and dynamics of habituation in adult Ss, who were
instructed to perform several tasks involving perception, motor-reactions, and mental operations.
Auditory stimuli were used as signals. Often the habituation was studied simultaneously with
intermittent photXc stimulation. EEG expression of the habituation was noticed in almost all the
experimental conditions, its modification depending on: (1) the type of stimuli, and (2) stimuli
difficulty and significance (positive or negative). By repeating the same test, certair moments in
the evolution of habituation were observed. The dishabituation where positive stimuli were used
occurred quickly and was relatively stable.

1lo Clynes, M., & Kohn, M. Spatial visual evoked potentials as physiologic language elements
for color and field structure. Electroenceohaloiraphy and Clinical Neurophysiology, 1967
Supplement 26, 82-96.

Visual evoked potentials in the occipital, sagittal and parietal regions are composed
of 3-6 major spatially independent components of different latencies and wave shapes. The
components are of simple shapes: the complexity observed is the result of the presence of
various proportions of the componeutts. Sinmplest over-all responses are obtained from assemblies
of dots and of lines, especially' radial lines. Some of the components may be individually
controlled by changing stimulus conditions without affecting others. The first major peak is
inhibited or inverted by modifying the central field stimulation by steady illumination or by a
black central area. An unexpectedly st:ong inhibition occurs with a few steady white lines added
to the changing color area stimulus. Total steady field illumination eliminates other components
and slm.!;fies the evoked potential shapes. Steps of intensity of illumination within the same
color pr little color discrimination. Single dot and line responses are color sensitive with
respect ' iges in color, and tWe color of the su'rrounding field. Defocusing the lines and dots
reduces tne responses by 70-80%. Exceptionally large responses are obtained to assemb!ies of
dots, illustratirng unit and edge sensitivity in the visual system.

Colot discrimination is present for area stimulation and is especially marked for
changes of color at the same illumination. Spatially independent components characteristic of
various colors and color sequences are found, of different latencies.

The tie of the evoked potential as a probe for measuring the presence of steady J
stimuli is described, through some of the non-linear characteristics noted. Visual field interaction
causes inhibition as well as addition. The type of field interaction appears different in the
peripheral field from the central field and varies with color.

Patterns and component latencies are highly stable for a given stimulus, as averagea
over 200 responses, over periods of several years, in adults. The results imply unique
spatio-temporal brain patterns characteristic of each perception.
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100 Clynes, M., & Kohn, M. Recognition of visual slimuli from the electric responses of the
brain. In N. Kiine & E. Laska (Eds.), Compiuter and electronic devices in psychiatry. New
York: Grune & Statton, 1968.

The evoked potential as measujred from the human scalp by our spatial analysis
technic is shown to be related to visual experience. Anialysis of the spatial and temporal aspects
of the evoked potential indicates that it mirears facets of the code of the brain's physiologic
language. Within the limits of our techr~ic, there is a one-to-one correspondence between the
spatio-temporal pattern of the evoked ritcritial and the perceptual experience which it
accompanies. This parallel extends past the time of conscious perception, suggesting that the
aspects of spat io-temporalI patterns observed may also be correlated with unmonsizous processes.
It 'vould seem that this approach is of basic importance in the understanding o~f normal
perception and for the future analysis of disease of the brain and mind.

191 Clynes, M., Kohn, M., & Gradilan, 1. Computer recognition of the kriin's visual perceptian
through learning the brain's phvsiologit: langudagr. Institute of Electrical and Electronics

Enineer:, Lttlernational Cor'iention _Resord, 1967.9. 125-142

There is a 1 1 correspondence between color chang! and visual field structure and
the corresponding space-time forms of the brain responses observed in a given individuol. For
different individuals, the components have the same sequence, and similar timing (tinle of
occurrence has a standard deviatiun of 3%), but their relative magnitudes Vary coe'siderabiý,.

It is posslble to find pairs of individuals whose response char.Acteristics are very
closely similar. The patterns observed are clearly not the effects of randomn nerve n.-'t leirning but
represent systemic tunctional behavior of the brain. The 1 : 1 correspondence and meavirement
technique is sufficiently precise that a computr.carC correctly recognize any of abot't 50 -10
different visual presentations, as seen by a givert individual, from his brain response Alone,
contained in the four traces recorded.

192 Cmiral, J,&Dvor'ak, 1. Zmeny reakce slcdovani cile behem 29 ho~iin prace. lChanges in

reaction in target monitoring during 29 hours of work.] Ceskty4Avenska Hyztien . 1973, 18,

Nine persons were exarnin~d in the course of work with predominant meniAl
activity for 29 hours. No circadian periodicity of pulse rate And body tempergAure was proved. Thc
reactions of( target monitoring were analysed in seven persons of the presented group: the fault of
monitoring and the changes in thie amplitude and phase delay of the monitoring of sinui signal
proved to change in a typical and univocal way in the course of the 29 hourl work. Working

capacity proved to be decreased after 26 hours of work when evaluated t. the test uwed.
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193 Cohen, J. Very slow brain potentials relating to expectancy: The CNV. In E. Donchin & C.
B. Lindsley (Eds.), Avet evoked potentials: Methods, results, and evaluations.
Washington, DC: US Government Printing Office, 1969.

Waiter's original hypothesis that the CNV relates to efficiency of action such as
shortening of reaction time because of "cortical priming" is confirmed by the other
invest;gations. McAdam (1969) found that late components of somatosensory AEP between 200
to 400 milliseconds are shorter when the stimulus is presented during the CNV trials compared to
presentatiop, during the resting state. Other measures of levels of arousal are consistent with the
hypothesis that the CNV Is present, representing heightened arousal or alertness, but no change is
seen in the early components of thc ER.

The work on one very slow potential wave-the CNV-tFas been reviewed here. We
are continviing our work toward understanding the physiological origins and the psychological
significance of the CNV as well as exploring it- clinical utility (Walter, 1966). We are now
exploring a variety of psychiatric and neurological disorders and developmental prob!ems in
children. We still conceive of the CNV as the electrical correlate or psychological expectancy and
prefer the generality of the term "contingent" since there is such a variety of contingencies which
it can represent.

"M Cohen, j. The CNV and visual recognition. Electroencephalography and Clinical
Neur'iphysioloc, 1973, SuopLement 33, 201-204.

The CNV is seen to relate to the accuracy as well as the speed with which threshold
information is procecsed in the brain and is presumed to invo!,ie the attentional processes. A
larget, CNV relates to correct recognition of visual stimuli and to shorter reaction times, but
evidence for selective attention is suggested by a somewhat different anterior - posterior gradient
of the CNV in the motor response and visual anticipation tasks. The implication is that the CNV
is not a unitary process but is modulaLed by the nature of the informational transactions
required by the subject. Its shape and distribution may be a function of the psychological
situation in which the subject is set as well as a characteristic of the individual.

IM Cohen, 1. Cerebral psychophysiolboy: The contingent negative variatior,. In R. Thompson
& M. Patterson (Eds.), Bioelectric recordint techniques (Vol. 1, Pait B). flew York:
Academic Press, 1974.

Normal response parareters in a fairly standard SI-S2-R paiadigr, ?•rewelt known.

The spatial distribution of the CNV and its development in children has bftn described. The
understanding of the CNV as a conditional brain event relating to expectancy makes its study
applicable to many clinical psychological and neurophysiological problems which underlie
disorders of high-level interaction of brain function such as attention, motivation, perception.
and learning. All of the studies rdatin(.NV to performance paraneters indicate that it is related
to efficiency of function. Impaired functions due to psychopatholog oy brain disease often are
accomparied by deficiencies in the CNV. A brain lesion usually reduces the CNV and C:R on the
damaged side.

* More research is necessary to elucidate the physiolog:•.al medhanisms, psychokogical
correlates and clinical applications of the slow evoked brain potentials, but the promise of
reachin.; explanatory mechanisms is exciting. It is still less than 10 years since the discover" of
the CNV', and the next decade is likely to produce an even greater output of scientific and
applied knowledge. We are engaging in research which may also result in making the CNV a
standard clinical tool for the neuropsychological investigation of patient% for whom & standard
LEG has been a disappointing method.
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is. Cohen, I,& Walter, G. W. The intcraction of responses in the brain to semantic stiml'i.
Psychophysiolog, 1966, 2, 187-196.

Long time-constant EEG recording during paired stimuli has led to the discover,, of
the contingent negative variation or expectancy wave. This effect is produced when a coisditional
stimulus si' als that an imperative ý,timuliis demanding action, del.isiori, or attention will follow
at a short, constant time interval. Symbolic and mneaningful stimuli were preseaite,&, to Ss
tachistowopically, and the evoked responses in the brain were electronically averaged. The
cerebral evoked responses to such psychological stimuli are more complex than to flashes. A slow
negative DC potential shift was seen during the interval between an auditory ready signal and the
visual e~xposure if recognition of the stimulus was required, or if it was $Interesting. Following the
visual exposure, a slow p~ositive DC shift occurred. The method was developed to study the brain
rerponses to psychological stim';.5i. The am~plitude of the responses relutes to the informat~on

content and subjective factors r.*_Ier than to the physical strength of the stim~.~us.
W0 Cohn, R. Differential cerebral processing of noise and verbal stimuli. Science, 1971, 172,

599-601.

Psychophysiological measurements have indicated that the right cerebral hemiiphere
procesies noises and oilier nonverbal data and that the left cerebral hemnispherc Processes verbal
material. Direct physiological measurements, as expressed in summated auditory evoked cortical
responses, unequivocally demonstrate :Mt click noises show a greater amplitude of initial output
over the right brain, and that verbal stimuli produce either equal or higher amplitudes of output
over the left cerebral hemisphere.

"0s Coleman. P. D., Gray, F. E.. & WaL'rnabe, K. EEG amplitude and reaction time during sicep.

I ual~ Qf 68iW flhxaio~lt 1959, 14, 397-400.I
Amplitude oi the eectroencephalogram was evaltated as a measure of sleep. EEG

amplitude during sleep was found to be a) significanhly and positively correlated with reactionl
time. b) inversely related to the duration of periods during which ni.' gross body movement
occurred and c) orly slightly negatively retated to heart rate.

"10 Coles. M. G. Cardiac and respiratory activity during visual search. J~rnal of EApzimentai
Psv 1972, 2fi 371-379.

Recorded measuwes of wadlac and respratoiy activity from 41 male and 3 femnale
undergraduate amd graduate students while they performed a seriesk -4 visual search tasks wnach
varied in target stimulus discriminability. In Exp. 1. tonic heart rate was lower arnd .ardlia
decdeiewion greater for low- as compared to hig-duciminabillity tasks. Exp. 11 replicated the
major findings of Exp. I aind, in addition. showed that the duration of respiratory period
decreatsed less from an alert to a task level, for low., as opposed to hillf-discriffinabifity tasks.
Results for heart rate are in' wpreted as mapporting 1. . Lacey's intake-4ejettion hypothesis rather
than an effort hypothesis.
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900 Coles, M. G. Physiological activitý and deteltion I he effects of attentsioal requirements

and the prediction of performa•k-. B oif P.A s l , 1974, 2, 113-125.

Cardiac and clectronivographic measures were tAkc.n from 10 paid, male
undergraduate Sf' while they performed A total fI 1,800 de•;etion trials over 15 sessions. Ss
indicated their judgnent on a 4-point rating U.ale as to whether a deflection occurred in a beam
of an oscilloscope. On deflection trials, the beam always deflct ed at the same place, 6 sec after a
warairng tone. Task difficulty was manipulhted by using 3 different deflection duratkons. Cardiac
deceleration was related to task difficulty in a;cordance with 1, I. Lacey's (1959, 196l3
intake-rejection hypothesis. Averaged electronjoraphic activit) did not show this relationship.
although it showed similar within-task trends to heart rate. Heart-ratc level predicted both the
accuracy and confidence of the Ss' iudgments. znd may have reflected fluctuations in the Ss'
motivitiona, state. There was an inverted-U relationship between performnancemeasuresane
heart-rate variablility, and this relationship showed some of the chanres with task difficulty
predicted from the Yerkes-Dodson law,

201 Coles, M. G. H.. & Duncan-Johnson, C. C. Cardiac activity and information processing: The
effects of stimulus significance, and detection and response requirements. Journal of
Experime~waw Psycholot : Human Perception and Performance, 1975,j. 418428.

In two experiments, measures of heart rate and electramyographic activity were
obtained from 40 male undergraduates while they performed two series of trials involving a
sequential iniormation processing task. Each trial consisted of a warning ligi, three uccesive
tones, and a re-spond l-ght, separated by 6-sec iniervals. In Experiment 1, subiects responded only
it the three tones were of different freqaencics. Accelerative heart-rate responses to the last tone
increased as a function of the significance of that ton:. Subsequent cardiac decelerations were
oml, obscrved if the subject was preparing to make a response. These results were replicated in
Experinwrnt 2. in which subjects responded only it two of the preceding tones were of the same
frequo'rcy. Electromyographic activity was not significantly affected by stimulus significance or
response anticipation. The data indicate !hat cardiac acceleraloun and ,cceieration reflect two
independent psychological processes, associated with information processing and decision-making
activity on the an hand, and preparatory activity on the other.

"W0- Coles, M. G., & Gale, A. Physiological reactivity as a predictor of performance in a
vigilance task. Psychophysiology, 1971, 8, 594-599.

The experiment was designed to determine the value of measures of physiological
activity as predictors of performance in a vigilance task. Subjects, for whom resting (EEG, heart
rate, and skin conductance) and response (electrodermal) measures were available, were given an

auditory vigilance task. Overall vigilance performance was significantly correlated with one
measure of electrodermal habitjaition, latency of response to the first of a series of stimuli, and
total number of responses to stimuli. None of the measures of resting physiological activity were
5.gnriaanr% related to -igilance performanct. The results are discussed in terms of Mackworth's

I ...... .of g..t.e

75



SColtes, M. G. H., POW%, S.W.. & Duncan-Johnson, C. C. Sex differences in performance and
a•w iated cardiac activity during a reaction time task. Physiological Psychology, 1975, 3,
141-143.

Measures of reaction time and cardiac activity were recorded from 10 males and 10
femaie subjects during a variable foreperiod reaction time task. Males showed faster reaction
times, meater cardiaL decelerations, and higher levels of heart-rate variability during the
foreperiod. Trend analyses revealed sex differences in the heart-rate iesponse to the onset of the
warning signal, but not in the response to the imperative signal. These results indicate that those
measures of cardiac activity which have oeen shown previously to predict performance tend to
differentiate between the sexes when there are sex differences in performance,

KD4 Coles, M.G.. Sosdian, B. I., & Isaacson, I. J. Heart rate and skin conductance responses to
signal and nonsignal stimuli. Psychonomic Science, 1972, 29, 23-24.

Recorded heart rate and skin conductance from 40 right-handed male
undme aduates while they listened to a mixed series of 2 tone stimuli. Ss were required either to
count or to give a motor response to I stimulus (the signal stimulus) and to ignore the owher. Skin
conductance responses were largei for sigral stimuli than for ignore stimuli, and the motor
response Ss gave iarger responses than the counting Ss for both types of stimuli. The accelerative
component of the hcart rate response was greater for signal stimuli This finding, together with
f'mdkWll from reaction time studies, is discussed in relation to the conceptual distin~ction between
imperative and warning stimuli.

OM Coils, 1. E. Tests to measure performance changes in mental work (Report No.
CEL/HF/19/7j).Briiish Steel Corporation, Corporate Engineering Laboratory, May 1972.

Body temperature follows a distinct circadian rhythm - highest in the evening.
lowest in the early morning - and various authors have established that performance in simple
psychological tests follows a similar rhythm. The aim of this study has been to corroborate this
finding in short tests which could be used in the steel industry to predict performance, in place of
the more difficult and job specific measures such as prcduction rate and error rate. Three
fnv-minute tests were developed: (a) Cancelling vowels in random letters, (b) cancelling 'e's andVks in nornal prose, (c) Wilkinsovis's simple a~cdition. it was discovered that, although there was acorrelation between performance and temnperature over twenty-four hours, this was due only to

the strong night time correlation, and in fact performance fluctuated randomly during the day. In
addition, during a continuous twenty-eight-hour experime . a marked temporary increase in
performance level was recorded which coincided with the at J of dawn. Tnis 'dawn peak' was
a psychological phenou'enon not reflected in a change in temperature.
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S1 Colquhoun, W. P, Blolo•gzal rhythm and shift work. Stctru, 1967, Dec, 7-8.

A brief account, for the general reader, of the relevaoce of physi.ilogical rhythm
research to the problem of organising shifttwork in industry, Spccial reference is made to recent
experimental studies at A.P.RU., in which performance efficiency in various shift systems was
found to bear a close relationship to circadian fluctuations in body temperature.

-07 Colquhoun, W. P. Circadia," ariations in mental efficiency. In W. P. Coiqtuhuun (Ed.,
BioliLcAl rhythm jL liuan IVrformance. Lu.,don and New Vork: Academic Press, 1971.

The long-term aim of the research programme that has been outlined would be to
identify the fundamental determinants of circadian rhythias in human performance. In this
chanter it has been suggested that these rhythms arc -elated to fluctuations in the "state of
arousal" of the organism. The physiological concomitarts of the arousil state may well prove io
be extremely complex, and no one mzasured variable may be found adequate for reflecting
variations in it with sufficient consistency. Thus, as wc h.-ve seen, the earlier view that body
temperature might s,:rve this purpose has been called irnto question by sonic of the more (ecent
findings (e.g. on the o)st-lunch phennlcnon, ,lid the diffcrential rates at which performance and
temperaturc rhythm alter in iespon&ý to a changed sl.,el.-waking routine). Nevertheless it remains
true that a direct te t of the dependence of mental efficiency on the body-temperature rhythm
has n,'ver been mad In a* appropriately equipped laboratory it woul(i be possible to makt such
a tet by ueliberatel, interfering with the normal temperatv're cycle (perhaps through the medium
of 4noi-pyretic drug!.) in oider to alter its characteristics.'rhis kind of manipulative technique
could be extended t,) hrmnonal and other factors exhibiting circadian periodicity, this periodicity
betig either climinited or alteied systematically during the c'mirsv' of a tegular series ot
pz-rfornwance. testing observations in order to detrn:ine the existence ,'a .ly dependenty between
physiological and psvchologi::al paranetL.rs in eaC.1h case.
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an Colquhoun, W. P., Blake, M. j. F., & Edwards, R. S. Experimental studies of shift-work II:
Stabilized 12-hour shift systems. Ergonomics, 1969, 12, 865-882.

Twenty-two subjects took part in an experiment to determine whether the
relationship between efficiency at mental tasks and the circadian rhythm of body temperature
observed in two earlier studies was affected by an increase in the length of the duty spell from 8
to 12 hours. Subjects were assigned either to a control 'day' shift (0800-2000) or a 'night' shift
(2000-0800), and were tested for a period of 12 consecutive days on the same shift. Some signs
of fatigue due to the excessive length of the duty-spell were observed, but an underlying
relationsnip between temperature and performance remained in evidence in some scores
throughout the trial period. Adaptation of temperature rhythm to work on the night shift was
only partial, and less marked than in a previously studied 'night' work situation; the partial
adaptation was nevertheless relatively closely reflected in the recorded performance trends. It was
concluded that the results )btained in the present and previous studies in this series demonstrated
that, within certain limits, the relationship betw'•en temperature and effikiency was sufficiently.
matked to warrant further research into its generality.

20 Connor, W. H., & Lang, P. J. Cortical slow-wave and cardiac rate responses in stimulus
orientation and reaction time conditions. Journal cf Experimental Psychology, 1969, 82,
310-320.

Studied the cortical slow wave and cardiac rate of 24 male undergraduatcs in
response to simple nonsignal auditory tones and to similar tones marking the onset of an RT

foreperiod. Cortical negativity and the amplitude of the biphasic heart rate response were greatest
under high-inteitsity and signal conditions. The initial acceleratory and secondary dectleratory
components showed a positive correlation with cortical negativity. Ss who reported themselves to
be more alert during the task yielded higher negativity. Slow-wave activity also covaried with I
eyeball movement, although eyeball movement did' not predict the cortical response. The
slow-wave response of the brain varies systematically with cardiac race events which have been
theoretically associated with attentional processes and activation.

210 Cook, J. J. Addi'ional variables in autonornic measurement. Psvchophysioloy Newsletter,
19f'j, 9, 14-22.

In general, the results support the findings of two previous experiments (Cook and
Gendlin, 1961; Gendlin and Berlin, 1961) when physiological activity accompanying continuous
focusing on feelings was compared with the aLtivity associated with a state characterized by
discontinuous excet, al reference. That is, indices of reduced tension, lower GSR rate, greater
decrement in skin resistance, and wider tange 'n both skin resistaince and heart rate accompanied
the "focusirng-on-feeling"state. In addition, the preent stA.dy also found tt iat a greater rate of
increase in finger temperature was present. Thus, it is possible to conclude that the contents of
instructions, insofar as they call upon the subject to fecus his attention internally as opposed to
externally, can have a differential effect on the autonomic activity accompanying the activity
called for by instructions.
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211 Corah, N. L. Some perceptual correlates of individual differences in arousal. Journal of
Personality, 1962, 30, 471-484.

The studies were designed to explore a hypothcsized curvilinear relationship between
individual differences in arousal and perception in a relatively normal population. Palmar
conductance served as the indicant of arousal level.

The first study explored this relationship with kinesthetic figural after-effects,
figure reversals, and dijunctive reaction time as the perceptual measures. It was predicted, on the
basis of Kohler's theorizing about attentional perception, that Ss in the middle of the arousal
continuum would give larger after-effects, more figure reversals, and shorter reaction times than

would Ss with either high or low arousal scores. These hypotheses were tested with 46 men.

The predictions were generally confirmed when the palmar conductance measures
associated with a given task were used for the analysis of that performance measure. Subsequent
analysis with Ss' mean conductance scores for the entire session were not significant. The
interrelationships of the performance measures weie also not significant. These results were
discussed in relation to studies of personality and perception, and to wcrking assumptions about
chronic drive states in norm;.) populations.

The second study was designed to test the hypothesized curvilinear relationship in
r.,ference to consisten. individual differences in level of arousal. Ss were preselected on the basis
of their palmar conductar.ce scores. Seventy-two men and women representing the extremes and
middle of the arousal continuum were tested on the kinesthetic after-effect task. The results were
not significant, although the after-effect scores for the men were in the predicted direction.
Possible implications of this work for further investigation were discussed.

212 Corby, J. C., & Kopell, B. S. The effect of predictability on evoked response enhancement

in intramodal selective attention. Psvchophvsiology, 1973, 10, 335-346.

Investigated the relationship between the attention enhancement of the visual
average evoked response (AER) and S's ability to predict the presentation of the attended
stimulus. Twelve undergraduates were presented with sequences of 2 distinct visual stimuli while
EEG and electrooculogram were simultaneously recorded. Stimuli were either regularly.
alternated (predictable) or randomly intermixed (nonpredictable). Verbal instructions directed
S's attention and push button response to either 1 or both of the 2 stimuli. Interstimulus interval
was held constant to permit computer averaging of AER and contingent negative variation.
Selective attention enhanced the late positive component of the AER equally in the 2 conditions
of predictability. Thus, it seems that the AER enhancer ent wilt, intramodal selective attention
does not depend on S's ability to predict the rresentation of the attended stimulus c to

differential arousal prior to its presenta:ion in the high predictability condition, baseline EEG
potential fluctuated with attention such that the AERs to the attended stimuli were negative
relative to those to the ignored stimuli.
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213 Corcoran, D. W. J. Changes in heart rate and performance as a result of loss of sleep.
British Journal of Psychology, 1964, 55, 307-314.

Two theories of the effects of loss of sleep were compared against existing facts. The
hypothesis that sleep deprivation reduces arousal was judged to be more adequate than the theory
that arousal is increased by loss of sleep, the for: ier failing only to account for raised
physiological indices of arousal in some eyperiments. These are attributed to experimental
conditions which compel the subject to make compensatory efforts to maintain adequate levels
of performance. Under such conditions effort, not arousal, is reflected in the indices.

An experiment was conducted in which a constant high level of performance was
not demanded of the subjects over a 60 hr period without sleep. Heart rate and performance fell
with loss of sleep.

214 Corlett, E. N. Cardiac arrhythmia as a field technique: Some comments on a recent
symposium. Ergonomics, 1973, 16, 3-4.

The seminar on 'Heart Rate Variability and Mental Load' at which the papers in this
issue were presented was attended mainly by research workers and presented by researchers. The
examples given and problem areas posed in these papers are either actua! field studies or
analoques of field situations. It is not unreasonable therefore to look at the work reported in
relation to its contribution to the study of mental work and mental load, not in any carping
spirit but to indicate the enormity of the task facing the field worker who is studying mental
work. This approach will also indicate the quality of personnel which will be needed in industry
if this area is to be adequately treated. To say the least, it seems unlikely that industry will be
able to continue with the use of simple techniques and technician level personnel for the study of
work loads arising from modern industrial jobs. The seminar gave a clear indication that the study
of working stress requires a professional level of training, i.e. one equivalent at least to a
Chartered Engineer in quality, if the effective interpretation of data, which are in themselves
reliable, is to be achieved.

This seminar was a step, a recognised point, on the journey towards the elucidationof measures of mental load. It is a point for assessment of progress arid perhap- coordinating,

future directions. If the standardisation of symbols, of terminology, even of re-ording miethods,
and test condit",ons, is attempted, this could aid in the comparison of results between workers
and encourage the readier use of what is currently available to measure environmental and work
stresses in terms meaningful for ergonomics.
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216 Corletto, F., Gentilomo, A., Rosadini, A., Rossi, G. F., & Zattoni, J. Visual evoked
responses during sleep in.man. Electroencephalography and Clinical Neurophysiology,
1967, Supplement, 26, 61-69.

A study of the averaged electroerncephalographic response to single photic stimuli
during wakefulness and nocturnal sleep has been made in fourteen adult subjects.

In all subjects the amplitude of the evoked potential considered as a whole reaches
its maximum during sleep with EEG synchronization and its minimum during sleep with
desynchronized activity and rapid eye movements.

The amplitudes of the single coraponents of the evoked potential, and the
"morphology" of the potential itself, show different behaviors during wakefulness and the four
phases of sleep. The events observed are not uniform in the different subjects examined: three
main patterns have been identified.

216 Corteen, R. S. Basal r, onducti , level and motor performance. British Journal of
Psyhology, 1967,_58, 93-100.

Investigated the relations bcLween logarithm basal conductance and performance on
3 tasks with 27 students. Significant relations were found with end spurt and reminiscence on the
pursuit rotor, with overall performance on a dutting task, and with abnormally slow responses
and optimum response speed in RT. Results are consistent with a view of basal conductance as a
measure of tonic activation.

217 Corteen, R. S.,& Blackman, A. R. Skin conductance change and sensory discrimination.
British Journal of Psychology, 1965, 56, 431-437.

The relaLion between mean lcg change in conductance and sensory discrimination
was investigated. Highly significant relations were found with critical flicker frequency (CFF) and
2-point tactile thresholds. No significant relation was found with discrimination of a pure tone
from background white noise. Ali attempt at explanation is offered in terms of a cortically
controlled center mediating a sensitizing or orienting response of which conductance change is a
peripheral manifestation.

218 Costello, C. G., & Hall, M. Heart rates during performance of a mental task under noise
conditions. Psychonomic Science, 1967,8, 405-406.

Gibson and Hall reported that performance of mental tasks under noise conditions
resulted in significantly greater heart rate acceleration than performance under no-noise
conditions. Three experim.nts are reported. One is a replication of the Gibson and Hall
experiment with essentially the same results. Exp. II showed that noise alone did not result in
heart rate acceleration. Exp. III found that extreme scorers on a scalo of anxiety did not show
heart rate acceleration under the Gibson and Hall conditions.
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219 Coules, J., & Avery, D. L. Human performance and basal skin conductance in a
vigiliance-type task with and without knowledge of results. Perceptual & Motor Skills,
196C, 2?, 1295-1302.

No trends were shown between reaction time (RT) and intersimulus intervals and
RT and time blocks under knowledge of results (KORs) or no knowledge of results (NKORs). An
ABC X S variance design of RT scores showed only KORs by Ss was statistically reliable. The
source of this variance was attributed to sex differences. Results showed that under KORs fast
mean RT (males) was associated with high skin conductance. For females slow mean RT was
associated with low conductance. Under the NKORs condition, females showed slower mean RT
than males. Their conductance scores showed significantly greater variability without knowledge of
results than under the knowledge condition. Males under no knowledge show mean conductance
scores as high as those under knowledge of results. However, their mean RT scores under the
NKORs condition was significantly lower than under KORs. It was concluded that males,
contrasted with females, respond differentially to KORs and NKORs in simple RT studies. As
males show high conductance and females high variability in conductance under NKORs, an
inhibition-reinforcement theory for vigilance tasks appears inadequate.

2,20 Cowles, M. P. The latency of the skin resistance response and reaction time. A

Psychophysiology, 1973, 10, 177-183.

Skin conductance level (SCL) and skin resistance Ponse (SRR) latency to a
forepe~iod warning light were shown to be related to a m. e of simple reaction time
performance. Ot' physiological measures monitored immedi; orior to the task were not
related to perf(,,,. nce nor were they interrelated. Speculation is offered on the possible
mechanism whereby a central facilitation system is related to SRR latency and to performance.

221 Cox, J. J. Train control, stress and vigilance. Proceedings of the 10th Annual Conference of
t.__e Ergonomics Society of Australia and New Zeaaand, 1973, 16.1-16.22.

Modern ra;lway operation, due to the control exerted on the man-machine-pathway
combination is the safest form of transportation avwilable. The vehicle pathway is continuously
monitored and both front and rear end protection is provided to prevent collisions. Man although
extremely versatile is known to De the weak link in the man-machine system. Consequently, his
duties need to be arranged to match his capabilities. An examination is made of human factors
research, levels of arousal, driving efficiency and driver stress, fatigue, diurnal body rhythm and
vigilance. Accident rates have been progressively reduced by various safeguards instituted to
guard against human failure. Measurements of driver stress under various conditions of high speed
train operation have been carried out and changes in stress in accordance with train speed, hours
of duty, periods of rest, and day and night operation determined. There are a series of railway
signalling and vigilance control devicf s which successively reduce (he effect of the human element.
These have further developed into semvi-automatic and z.utomatic train operation.
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222 Craig, A., & Coiquhoun, W. Vigilance: A review. In C. G. Drury & J. G. Fox (Eds.), Human
reliability in qy lity control. London: Taylor and Francis, 1975.

This account of vigilance research has shown that several factors, each of theoretical
relevance, are important in determining inspection efficiency. These include environmental
conditions, such as the ambient temperature, or whether the task is being performed during the
day or at night; pertanatity variables, of which the most inmportant, so far, seems to be
extraversion-introversion; task related factors such as the probability that an item will be
defective and the spatial location of the fault itself; and, finally, the decisioti-making processes of
the observer.

No unique theory has emerged which would explain the role played by each of these
factors in contributing to the two main problems of vigilance: first, the low overall level of
performance, and secondly, the fa!l-off in efficiency over time. The most acceptable ideas would
seem to be that the vigilance phenomena are due to the observer's expectancy for signals, on the
one hand, or to his physiological state on the other, and it was indicated that these two factors
could operate independently or in conjunction to account for most of the findings.

223 Creutzfeldt, 0., Grunewald, G., Simonova, 0., & Schmitz, H. Changes of the basic rhythms
of the EEG during the performance of mental and visuomotor tasks. In C. R. Evans & T. B.
Mulholland (Eds.), Attention in neurophysiology. London: Butterworths, 1969.

No clear correlation between occipital alpha rate and the different tasks could be
found in our experiments, although they could be scaled satisfactorily by subjects according to
the degree of 'psychical effort' needed for their performance, and in contrast to the heart rate
changes, which showed a high correlation, to the subjective scaling. If we assume that this 'effort'
is at least a rough measure of 'attention' or 'concentradion', we may conclude that no simple
correlation exists between the amount of attention or concentration and the degree of the alpha
reaction within the range of our experimental situation. This is in agreement with the
observations of Kreitman and Shaw. On the other hand, it may be noted, that occipital alphz.
was always reduced at the time the subject read the instructions. This may be related to the
visual-oculomotor activity as well as to a different form of 'concentration' involved in reading.

The reaction of the central rhythmical activity (J..rhythm) was different in our
experiments in so far as a significant reduction wLs observed during all tasks and in all perso:ns.
Even though motor activities were not always excluded in t1,e different experiments, the amount
of motor activity varied considerably and was not related to the 'difficulty' of the tasks. It thus
appears that the pi.rhythm seems to react more sensitively to 'problem solving activities' of the
brain than does the occipital alpha. This does not exclude a higher responsiveness to more
localized activities in the somato-sensory and motor system, but needs a critical interpretaton of
such findirngs as to their physiological relevance.
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224 Crider, A. Electodermal ;ability :ind vigilance perfonnance. Psydgophysillogy, 1972, 9,
268. (Abstract)

The hypothesis was xested that individual differences in the speed of habituation of
the electrodermal OR would predict detection adequacy in a vigilance task requiring sustained
attention on a stimulus display. Habituation of the skin potential response to serially presented
tones was measured on 2 separate occasions in a group of 50 male Ss. Extreme groups of
"labiles" and "stabiles" were selected in terms of consistently slow or fast habiwution in both
sessions. Twelve members of each group were subsequently run in an auditory vigilance task
requiring detection of infrequent digit combinations against a background of 1 sec random digits.
Over the 48-min vigil, labiles showed a relatively high and sustairsed level of performance while
stabiles showed an initial deficit which increased with time on task. No differences were found in
commission errors. Labiles had a higher frequency of skin potential responses during the task, but
no group differences were found in skin potential level.

2 Crider, A., & Augenbraun, C. B. Auditory vigilance correlates of electrodermal response
habituation speed. Ps cho h ciolo, 1975, 12, 36-40.

The present study was designed to test the hypothesis that individual differences in
the speed of habituation of the phasic electrodermal response (EDR) reflect characteristic rates
of attentional decrement with stimulus repetition. Subjects se!ected for the extremes of EDR
habituation speed to a pure tone were subsequently tested in an auditory vigilance task. Slow
habituators showed a high and sustained rate of signal detection, while fast habituators showed a
lower overall rate and a time-on-task decrement. Further analyse, employing signal detection
theory measures indicated that these detection differences were due to gre-up differences in
response criterion levels rather than to differences in the rate of attentional decrement. The
implications of this finding for understanding individual differences in EDR habituation speed are
discussed.
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2Mf0 Dahl H., & Spence, 0. P. Mean heart rate predicted by task demand c laracteristics.
P5ychapty1olM, '970, 7 3S9-376.

Predicted mean hear! rates (HRs) recorded during sequences of pern eptual-motor
and cognitive tasks from rating' of task characteristics, e.g., complexity and frequency of stimuli,
transformations, and iesponses. In 3 separate groups of Ss (22 18-35 yr. old men and womnen, 19
undergraduates, and 20 Royai Canadian Air Force trainees) and tasks, the correlations between I
mean HRs and task demand ratings were ?_ .91.

2W Danev, S. G. Heart rate and performance at various types of information coding under
laboratory conditions. Activitas Ncrvosa §2gerior, 1968, 10, i 5-21.

Compared heart rate, number of errors on the basic task, number of errors and
performance on the secondary task, and the subjective estimate of difficulty of various tasks for
9 female and male undergraduates. The total amount of information per sec was equal, but
individual tasks differed in the signr.i-response relationship (dirert corre-pondence, mirror image
in Exp. 1) or in the manner of information presentation (chunk of information input through 1
or 2 sensory channels, one or two parallel responses and codes in Exp. II). Significant
differences we!,e found in both experiments. Both the heart rate and performance ltvel were
influenced b,4 various aspects of information coding and the total amount of information
prewnted per time unit.

OW Danev, S. G. A study of some factors influencing pulse frequency in conditions of paced

choice-reaction performance. Activ; as Nervosa Superior, 1968, 10, 389-394.

Studied the effect of difficulty of information processing on pulse freodency, RT,
and number of errors in 3 experiments. In Exp. 1 tht phase of stimulus !Ientification was
complicated and the phase of response selection was simple, the phases in Exp. 1 were reversed in
Exp. II, and in Exp. III both series were simple. Results show that the systematic increase of
information flow is connected with an inc,'ease of studied characteristics only in Exp. I and II.Relationships between factors like "time strress," level of training, !evel of vigilance, emohtional
tension, and measured characteristics are summarized in a diagram.
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2M Danev, S. G., & de Winter, C. R. ENlectation atlnt4n d h e de-eleration; wstw
complications in the us qf eanr Fate variability tog a•nssir ; ae IG.UM. etidn, the
Netherlands: Netherlands Institute of Preventive Medicine, TNO,9

In a choice reaction task in which the stimulus was pleceded by a statiokry warning
signal, the influence of active attention upn the temporary changes in the level of heart rate was
shown. The heart rate decelerated just before the stimulus was presented. This effeca was btroWnp
prior to stimuli with great informational content than before stimuli with smank-t llrlnfmnalonal
content. In a second experiment, i serial eight-choice reaction task was performed. Here it wi"
shown that after mistakes there was a short-term deceleravion of the heart rate level, while after
correct responses an accelerating tendency was found. Attention and committing errors have to
be regarded as additional causes of fluctuations of the level of heari rate. Therefore, they have to
be taken into account when supprevsion of sinus arrhythmia is used for asseming the level of
mental load.

2O Danev, S. G., & de Winter, C. R. Heart raze deceleration after erroiwous resporne4.
Psycholozische Forschung, 1971 ,.L5, 27-34.

In an eight-choice reaction task, thc influence of erroneous responses upon the
temporary changes in the level of heart rate (HR) was studied. It was shown that after errors
there was a short-term deceleration of the HR-level, while after correct rspomses an accelerating
tendency was found. This phenomenon has to be regarded As an additional source of fluctuations
of the HR-level. Thereiare, it has to be taken into account when suppression of sinus arrhythmia
is used for aswmsing the level of mental load.

2M Danev, S. G., de Winter, C. R., & Wartna, C. F. Information processing and
psychophysiological functions in a task with and without time stress. Activitas Nervosa
Superio, 1972, _4, 8-12.

Conducted an experiment in which 6 Ss added a series of 2 3-digit numbers (Group
1 wit•out time limits, Groeip 2 within time limits which were experienced as "time stress"). Ss
showed a nonsignificantly better performance in Group 1 (more additions per unit of time and
less peripheral vasoconstriction); and a higher level of heart rate, and larger number of errors,
misses, and "mental blocks" in Group 2. It is concluded that it is not acceptable to use the
changes of the mentioned psychophysiological parameters for assessment of the so-called

"information load."

232 Dane, S. G., Wartna, G. F., Bink, B., Radder, J. J., & Luteyn, I. Psychophysiological
assessment of information load. Nederlands Tiddschrift voor de Psychologie en haar
-Grenseb-ieden, 191 26 23-39, . . .. . . . . .. . .

Assessed the different demands imposed on indiiiduals by a sensorimotor task under
2 levels of information load. The measured psychophysical parameters were heart and respiratory
rates and their variability. The performance was measured in Lerms of RT, misses and mistakes
and performznce on a secondiiry task. Six male students responded to 2 conditions: punching the
correct but'zon when either of 2 lights appeared and, similarly, when 8 lights appeared. The
secondary task was a simple addition problem to be solved before the button was pressed.
Analysis of variance indicated that RTs, mistakes and misses and performance on the secondary
task discriminated best between the 2 conditions. Different Ss reacted differently to the 2
conditions in their cardiac and respiratory functioning. The relation between RT and various
phases of the cardiac and respiratory cycle and the length of time the button was pressed in
response to signals was significantly related to the information load.

86]



S Daniel, R. S. Electroenceph.. ographic pattertn quantification and the arousal continuum.
Ps,4chophysiolo , 1966, 2, 146- 60.

I he view that the EEG shows a continuum correlated with behavioral arousal was
iubjected to experimental test. A simple model of the expected resuitsfrom five exlperimental
states of arousal was used as a criterion Against which to evaluate various parameters of EEG data
after they had been processed by electronic analysis systems.

Eighteen normal young adults were the Ss. Occipital and parietai recordings were
taken during relaxation, attention, arousal, recovery, and relief states. Sample epochs of the
records were analyzed by amplitude distribution, frequency spectrum, power spectrum,
wavelength distribution, autocorrelation, and cross correlation.

No single parameter matched the predicted model in a convincing manner. However,
correlograms of occipital recordings after interpretation by relative power ratios did support the
hypothesis with statistically significant differences. It was concluded that behavioral arousal is
inversely relaked to the scaled continua of (1) the p-eportion of total power to be found at the
dominant frequency, and (2) rhythmicity of the dominant wave.

28 Daniel, R. S. Alpha and theta EEG in vigilance. Perceptual and Motor Skills, 1967, 25,
697-703.

During a 1-hour vigilance session Ss were required to detect specified digit triads in
an uninterrupted random digit series. EEG was recorded continuously with sampled epochs
analyzed by computer for autocorrelation and period analysis. Correlogram ratios indicated
progressively decreasing arousal through the session but did not distinguish respGnses from
detection failures. Incidence of alpha waves by period analysis also did not identify errors, but
incidence of theta waves dropped significantly just prior to failures and did not do so around
responses.

235 Dardano, 1. F. The relationships of intermittent noise, inter-signal interval, a'nd basal skin
conductance to vigilance behavoir (Doctoral dissertation, University of Maryland. i959),
Dissertation Abstracts, 1960, 20, 4182. (University Microailmrs No. 60-1278)

Conductance trends for all Ss ex:ept one demonstrated a systematic trend during
the vigil. Conductance was negatively correlated with the logarithm of reaction time for seven of
12 Ss monitoring the wide dispersion schedule, for five of 12 Ss under the intermediate
dispersion schedule, and for one S under the narrow dispersion schedule. In the group monitoring the
wide dispersion schedule, which required continuous attention, the five 5s without a SignificaiJ _

" correiation denhn6trteafbt a ' .t-T o er-Tor-Fm' e and less deterioration relative to the seven A
Ss with a significant correlat;on. The conductance trends of these five superior Ss demonstrated
an immediate increase at the start of the session and a higher than initial level for a minimum of 1 3

hr.

Research in the area of vigilance and theoretical frameworks to explain the findings
are reviewed.
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2S0 Dardano, J. F. Relationships of intermittent noise, intersignal interval, and skir,
conductance to vigilance beha% oir. Lournal of AA lied Psycholoy, 1962, 4, 1d06-114.

Army enlisted men individually monitored a CRT screen for 3 hrs in isolation. One of
3 signal schedules differing in degree of intersignal interval (ISI) variability was paired with
presence or absence of intermittent noise to provide 6 monitoring conditions. Six Ss performed
under each condition. Reaction time to signals and skin conductance were recorded during the
vigil. Results indicated that: (a) noise impaired performance when the schedule with minimum
ISI was monitored, (b) detection time was inversely related to length of IS for schedules with
minimum and intermediate degrees of ISI variability, (c) conductance was negatively correlated
with reaction time for Ss exhibiting an extreme decrement under the schedule with maximum
degrze of ISI variability.
237 Dardano, J. F., & Mower, I. Relationships of intermitten; noise, inter-signal interval and

skin conductance to v e behavior (Technical Memorandum Ae7-59)Abrdeen ProvingGroun-d, Md.:Human Engineering Laboratories, July 1959.

Monitoring performance did not deteriorate with low variability of inter-signal
intervals, 50-70 iec. Intermittent noise impaired perfor iance with this schedule by slightly
increasing reaction times during the entire session. With a greater variability of inter-signal
intervals, performance deteriorated continuously during the vigil and was unaffected by
intermittent noise.

A minimum inter-stimulus interval of 30 sec resulted in an inverse relationship
between reaction time and length of inter-stimulus interval, at least up to the mean inter.,al.

Basal skin conductance was negatively correlated with logarithm of reaction time
when performance deteriorated under a signal schedule requiring continuous observation.

236 Dargent, J., & Dongier, M. (Eds.). Variations contingentes negatives Contingent native
variation.J Liege: University of Liege, 1969.

Presents a revised and augmented transcript of a colloquium heldat the University
of Liege under the direction of W. Grey Walter. Among the topics discussed are: Technical
Aspects; Psychophysiological Aspects within Man; Psychophysiological Aspects within Animals;
and Applications to Pathology. The section dealing with studies of the human CNV covers,
among other topics: Interindividual Variations; Experimental Paradig•ms (Reaction tirmie, Degrees
of Motivation, Voluntary Participation, Decision Making, etc.); Variations in the Probability of
Stimulus Associations; Distraction; Concentration of Attention; Prcparation for Motor Activity;
Muscular Effort Required for Responses; the Wave of Intention; Motivation; Fatigue; Complex
Taste Vur, -uic~ i~reo tctoi ~RatoiTime.....



2W Darrow, C. W., Vieth, R. N., & Wilson, J. Electroencephalographic "block:ing" and
"adaptation". Science, 1957, 126, 74-75.

Phase relationships of waves in different head areas had previously shown reliable
adaptation of response to successive gong stimuli, and the palmar galvanic responses were likewise
reliably reduced with repetition. We have also found that, with eyes closed, repeated writing
of a word on an imaginary blackboard produces marked initial blocking, especially in the left
hemisphere, and a decrease or elimination of blocking with practice. In fact, any novel stimulus
or activity will tend, at first, to be accompanied by blocking of the alpha rhythm, and, with
familiarity, habituation, solution of the problem, or rendering of the activity automatic, alpha will
be restored.

240 Davies, D. R. Physiological correlates of sleep deprivation and performance in
unstimulating conditions. Bulletin of the British Psychological SocieW, 1968,21, 135. (Abstract)

Three areas of research were reviewed dealing with (i) the recording of physiological
measures during the performance of unstimulating tasks by sleep deprived and other subjects; (ii)
individual differences in the effect of 'arousal' variables upon performance and (iii) individual
differences in sieep patterns both under normal laboratory conditions and after sleep deprivation.
The possible interrelations of these areas was discussed and speculations offered concerning (a)
possible differences, in their effect upon performance, between REM and NREM sleep
deprivation, and (b) possible inter2'ctcons between sleep profiles and the effects of sleep
deprivation.

241 Davies, D. R., & Krkovic, A. Skin-conductance, alpha-activity, and vigilance. AmericanJournal of Pscholo , 1965.78, 304-306.

In the typical vigilance-situation, S is requircd to detect and to respond to slight and
infrequent changes in stimulation ove!r long periods of time. The usual finding has been that
performance declines markedly after a half-hour at the task. Little attention has thus far been paid
to the possiblility of a relationship between performance in vigilance-tasks and
electrophysiological measures of activation, such as skin-conductance and EEG alpha-activity.
The present experiment was designed to investigate such a possiblitlity.

242 Davies, D. R., & Parasuraman, R. Cortical evoked potentials and vigilance: A decision
theory analysis. In R. R. Mackie (Ed.), Vigilance: Theory, 2perational performance,
and physiological corr lates. New York: Pienum Press, 1977.

Studies of the psychophysiological concomitants of vigilance performance are
briefly reviewed. It is suggested that performance assessment has been inadequate or incomplete
in the majority of these studies and that it would be profitable to utilize measures derived from
statistical decision theory, particularly in relation to indices of cortical activity, in studies of
vigilance. The evoked potential (EP) is then described and research relating late EP components
to decision proccsses is outlined. The few experiments that have examined EPs in relation to
vigilance perfcrmance are examined and suggestions fo,- further research are made. These are
implemented in two experiments on vigilance, the first concerned with the effects of event rate
and signal regu!arity on measures of EP amplitude and of vigilance performance and the seGond
with response latencies in vigilance and their associated EP component latencies. It is concluded
that both late amplitude and latency measures of the EP zre significantly related to (1) within
session performance changes, (2) differences in response latency associated with different
response categories, and (3) the effects of independent variables such as event rate and signal
regularity. In the last part of the paper a model is outlined in which both speed and accuracy
measures of vigilance performance can be incorporated within a decision theory framework, and
some preliminary results suggesting that EP late components provide correlates of decision
processes in vigilance are discussed.
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243 Davies, D. R., & Tune, G. S. Human vigilance performance. New York: Elsevier, 1969.

Reviews empirical and theoretical literature pertaining to human vigilance.
Psychophysiological correlates of vigilance are discussed in a number of different sections of the
book. Topics covered include:

1. Definitions of vigilance and measures of performance.

2. The background to studies of vigilance performance.

3. Signal characteristics.

4. Task variables.

5. Subject variables.

6. Environmental variables.

7. Theories of vigilance.

244 Davis, H. Enhancement of evoked cortical potentials in humans related to a task requiring
a decision, Science, 1964, 145, 182-183.

The averaged, slow response evoked by auditory stimuli and recorded from the
vertex of the human skull can usually be enhanced by requiring the listener to make a rather
difficult auditory discrimination. An easy routine reaction is not effective.

240 Davis, H., Mast, T., Yoshie, N., & Zerlin, S. The slow response of the human cortex to
auditory stimuli: Recovery process. Electroencephalography and Clinical Neuro-
physiology, 1966, 21, 105-113.

The late, siow, non-specific diffuse cortical response (the "V potential"), recorded
from the vertex relative to mastoid or ear, has been studied by the method of averaged responses
in waking young adults.

The amplitude of the V potential is best measured from peak of N1 to trough of P2 .
The amplitude increases slowly with the intensity of the pips.

For maximal amplitude the intervals between stimuli must be over 6 sec and
probably at least 10 sec. If the intervals are regular the average amplitude is about 1/2 maximal at
3 sec, 1/4 at 1 sec and 1/6 at 0.5 sec. If pairs of tone pips are employed the amplitude (-f the
second response depends on the long interval between pairs as well as on the short interval
between the members of the pair. Variability is considerable from test to test and across subjects
but statistically the recovery function is smooth and reproducible.
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246 Davis, R. C. The stimulus trace in effectors and its relation to judgment responses. Journal
of Experimental±sy.hoiogy, 1952, 44, 377-390.

The temporal course of the excitation is somewhat like that usually attributed to the
stimulus trace. It varies with the following factors: (a) sirmple vs. choice response; (b) regularity
vs. irregularity of time interval betwr.en stimuli of a pair; and (c) duration of the first stimulus of
a pair.

It is, therefore, les..losely bound to the stimulus than the stimulus trace is
sometimes supposed lo Se, but varies with the "setting factors" as well. This variation could be
accomplished by a feedback in the system.

The proportion of judgments of "stronger" and "weaker" bears no discernible
relation to its total amount of activity in the two arms prior to the ji.dgment.

It is related, however, in a variety of circumstances, tothý. difference in prior activity
of the arms designated to give "stronger" and "weaker" judgments,, the mare active arms civing
thr greater number of responses.

It is proposed that the action potentials from the two arms represent the activity
state of iwo competing response systems; that both are excited by the first stimulus but have
differing response curves and initial levels; that, other things being equal, the system whici, has
advantage at the time of the secnd stimulus will further build up its activity until enough force
is generated to close a key.

247 Day, M. E. An eye movement phennmenoto relating to attmtion, thought and anxiety.
rF.;ep1ual & Motor jkills, 1964, 19, 443-446:

An eye movement phenomenon, which is thought to be related to the shifting of
attention and personal ways of handling anxiety, is described and discussed irn si~ation to certain
research hypotheses.

246 l)ebccker, J., & Desmedt, 1, E. Rate of intermodality switching disclosed by sensory evoked
potentials averagd during signal detection tasks. Journal of .,ysiolog, 1966, 185, 52-53.

The subject was instructed to re4.ognize either clicks or finger shocks of barely
noticeable smaller intensity, substituted at random for about 10% of the standard stimuli in a
series. Whet, the period of the alternating bimodality series of stimuli is reduced to 1.2 sec, the
late surface-positive. component increases for the evoked potentials cor, csponding 1.o the modality
involved by the decision task. The lack of change in the 'primary' early component of the
somatosensory evoked potentials confirms that the affereit volloy is not influenced on its way to
the cortex under the condition-: of these experiments (Desmedt et al. 1965). In several subjects
the reciprocal correlation showl for the late components is still observed for periods of 1.0 or
sometimes even 0.8 sec. It disappears for periods of 0.0 sec. These rather high rates of
intermodality switching suggest that phasic mechanisms control the intra-cortical processing of
corticipetal volleys.
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249 Debecker, J., & Desmedt, J. E. Cerebral evoked potential correlates in forced-paced iasks.
Njture , New oga , 1971, 234, 118-120.

Examined "the evoked potential correlates of sensory overload in forced-paced
auditory tasks and ... [found] that the cerebral 'decision' potential can reveal intermittency in
the perceptua! channel. Fifteen young adult volunteers with normal hearing served in 1 or more
sessions. Each sat in an easy chair in a soundproof air-conditioned room. Binaural clicks were
delivered...at a regular interval which is the same throughout any run, chosen from 1,000-200
Imsecl for successive runs. Each such run included a random sequence of 50% signal clicks (80
db above subjective threshold) and 50% non.signal clicks of lower intensity....The Swas asked to
count mentally the signal clicks in the sequence, to avoid key-pressing or vocalizing which might
induce so-called readiness or motor potentials. The cerebral potentials evoked by the signal clicks
were recorded between vertex (Cz) and mid-frontal skin electrodes." Seventy-five Cuns
(frequencies, 1-5/sec) were carried out in 16 sessions in 14 Ss. The "results disclose rapid
dynamics for the evoked potential 'decision' components and indicate that rapid sequential tasks
represent a cognitive load adequate to trigger this mechanism." It is felt that further studies in
this area "may Provide an approach to the neural switching processes which organize
information."

MO Debijadji, R., Perovic, L., Nagulic, S., & Djurakic, D. Reactions psychophysiques des
pilotes des avions supersoniques en vol. JPsychophysiological reactions of pilots of
supersonic aircraft in flight.] Revue de Medecine Aeronautigue et Spatiale, 1973, 12,
367-371.

SST pllot- were subjected to in.flight tests: electrocardiogram, cardiac frequency,
urine catecholarnlne excretion. The subjects were separated into two groups: one was comprised
of pilots with little experience aod the other of pilots with much flight experience. Their flight
program was highly complex. Good correlation was found between cardiac frequency and
Intensity of the sympatho-adrenal reaction on the one part and piloting experience and flight
program on the other.

251 Deecke, L., Becker, W., Grozinger, B., Screid, P., & Kornhuber, H. Human brain potentials
pre ce d I n g voluntar y II m b movements. Electroencephalography and
Clinical Neurophysiology, 1973, Supplement 33, 87-94.

The Bereitschaftspotential (BP), also called the readiness potential (RP), was found
in 1964, when we first used our technique of averaging tape-stored EEG data in the reverse time
course and thus were able to average signals that are time-locked to unpredictable events.
Similar to the expectancy wave or CNV (Walter 1964), the BP is a negative, slow brain potential
which starts sometimes as early as 1.5 sec before movement. The onset is very much dependent
on the experimental situation. The BP has, in common with the CNV, the susceptibility to
psychologicalinfluences, so that it increases with increasing level of motivation and decreases, or
could be almost abolished, with subject inattentiveness, carelessness or lack of concern. In our
experiments the subjects were trained to achieve complete electromyographic silence in the
muscle from which we were recording with needle electrodes. They were then asked to perform
repeatedly a very fast and stereotyped movement, which was observed both myographically and
mechanographically. Thus, the movements became skilled, and greatly increased the BP,
especially when good performance was rewarded. The very first EMG activity in the depth of the
effector muscle was used to trigger the average computer. This yielded exact time-locked epochs,
without which the two other potentials, to be discussed later, could not be properly recorded.
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252 Deerke, I.., Scheid, P., & Koi nhuber, H. H. Distribution of readiness potential, pre-motion
positi,,ity, and motor potential of the human cerebral cortex preceding voluntary finger
movements,. Experimental Brain -eswrch, 1969, 7, 158-168.

The results show that there aie three different potentials preceding voluntary
movement which can be recorded from the human sca!p: (1) the readiness potential (RP), (2) the
motor potential (MP), and (3) the pre-motion positivity (PMP).

1. The surface rnegative RP occurs bilaterally symmetrical over the pre- and
post-central region. It has its maximum at the vertex, it is positive a.t frontal and basal leads, ihe
positivity is not due to a negativity at the reference e!ectrode because it occurs also with a
sternum-vertebra prominens reference, and the mastcid reercnce shows a positive rather than a
negative potctial. It cannot be excluded that the frontal and bas•i positivity is due at least in
part to a sink with a source in the pre- and post-central region, The arnititde of the RP is nearly
bilaterally symmetrical in the pre- and post-cevrtral region. Bipolar recordings, however, show that
in some subjects it may be larger over the contralateral than ipslateral precentral hand region in
the last 300 meec before onset of movement.

2. Contr , to t0'e RP, the MP shows its maximum not at the vertex but ovei the
* 'ontralateral precentral hand area (with hand or finger inovemrnts). The time interval between

the onset of movement in the EMG averages 56 msec, This i5 short.-.r than reported by Gilden et.al.

3. T"•e PMP is more subject specific than RP and MP, There are thrce reasons for the
differentiation between PMP ard MP:

y c(d) the spatial distribution of the PMP is moie widespread and bilaterallySymmetrica,,

(b) the time of onset differs rignificantly the PMP statting varlier thn Zhe MP,

(c) the rtverse polarity, PMP being positive, while MP Is negative. This reversal of
polarity cannot be explained by a sink with a source in the depth of the central sulcus because
the positivity is even more marked in experiments with arm rmovements, the arro representation
fie!d being at the surface of the precentral gyrus.

253 Defayolle, M., & Dinand, J. Quelques aspects psychophyAiologiques de la vigilance. ISoi e
psychophysiological aspecrs of vigilance.] Le Travail Humain, 1969, 32, 45.54. 4

Some psychophysiological aspects of vigilance. Effects of hour and duration on a
vigilance task were studied with ten subjects undergoing some psychophysiological measures. 1.
The performance deteriorations and the variations of phvsiologiral indexes seemed greater by
night, with exceptions however in some subjects. 2. Physiological indexes enable to estimate two
complimentary aspects of vigilance. The first one, the intensive aspect, accounts for circadian
fluctuations and for subject's endeavour: it chiefly appears in changes both in heart rate and
evoked potential latency. The selective aspect corresponds to vigilance focali7ation and can be
estimated by changes in evoked potential magnitude. Coupling eoyAed potenlial measures and a
double task performance (a primary task plus counting synchronizing signals) appears as an
expedient method for estimating these two factors of vigilance. It can be a good implement for
studying mental load. 3. Heterogereity between subjects in structures of ohysiological measures
may make it better to study subjects individuahy, each one being his wri standard so as to
observe several simultaneous variables for accounting for vigilance state or mental loaa.
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W4 Defayolle, M., Dinand, J. P., & Gentil, M. T. Averaged evoked potentials in relation to
attitude, mental IoaC and intelligence. In W. Singleton, 1. Fox & D, Whitfield (Eds.),
Measurement of man at work, London: Taylor & Francis, 1971.

What conclusions do we have concerning the efficiency of the method of evoked
potentials, applied to ergonomics research? We have seen its contribution to measuring mental
load, and the abilities of operators. However, we would not suggest that it pwssesses an absolute
objectivity althotigh it is a physiological measure. Indeed, we saw that very subjective
phenomena, such as attitudes, may greatly affect evoked potentials. Only the simultaneous study
of performance, of subjective feelings, and of evoked potentials has been able to show this effect.
Evoked potentials hl.ve the status of a performance measure In an accessory task, and therefore
they are as difficult to interpret. The originality and the interest of the method consist in the fact
that it enables us to assess the operator's transmittance without requiring a measure of some
effector system (Callaway, 1969). Thus, performance measures, operator interviews and
electrophysiological records are complementary methods.

2__6 de la Pena, A., Zarcone, V., & Dement, W. C. Correlation between measures of the rapid
eye movements of wakefulness and sleep. Psychophysioloty, 1973, 19, 488-500.

Literature review suggested that certain properties of the REMs of wakefulness and
REM sleep show changes with experience and/or maturation. A positive correlation was predicted
to obtain between measures of REM sleep intensity and waking information search
organization/activity in normal human adults. A correlational study of the REMs of sleep and
w.kefulness in 9 college-age Ss corroborated the hypothesis. Percentage REM sleep did not
correlate significantly with any of the waking REM measures. Implications of the results for
curr4lit theories and future research on REM sleep-waking perception interrelationships were

dmsr ibed.

ate Delfini, L, F., & Campos, j. ). Signal detection and the "cardiac arousal cycle."

The hypothesis was tested that difterentphascs of the cardiac cycle would be
asocilated with differences In either sensory capacity or response bias, as estimated by signal
detection analyses. E,,h of 10 subjcts was given 800 signal (SN) and 800 non-signal (N) trials
randmly distributed throughout the cardiac cycle. The signal was a 35 msec duration, 1000 Hi
tonre, whlich was preceded by i I sec warning light. Electrocardlograph (1KG) cycles were
siul,'quently divided into four phasea, and the phase during which the SN or N trial fell was
droermined, Signal detection analyses performed on auditory sensitivity (dA) and estimate of
reponse bias (Criterion Location) showed no measurable effect of KKG phase on either
parameter, Results ,mre di4:Lzsd in terms of recent neurophysiologikal findings of cardiac rhythmic
input to the nucleus tractus solitarius (whi.lh can inhibit cortical arousAl), but little cardiac
rhythm is observed In the output. 1h•w conside-ations Iin-rly that "cardlac cycle arousal effects"
are likely to be minute or nonexistent.

04

j.



If

•57 Delse, F., Marsh, G. R., & Thompson, L. The contingent negative variation as a pre-motorpotential. Psychophysiolog , 1970, 6, 619. (Abstract)

The orde; of magnitude of slow potential shifts was: easy trial shifts greater than
hard incorrect trial shifts greater than hard correct trial shifts. This oroer of magnitude was
inversely related to the interred degree of attention i iid *o the differential stimuli and directly
related to the probable importance of the motor response. This result, as well as recent findings
from other laboratories, has led to the supposition that the human vertex slew potential shift
is primarily a "pre-motor potential,"

2W Delse, F. C., Marsh,G. R., & Thompson, L. W. CNV correlates of task difficulty and
accuracy of pitch discrimination. Psychophysioloit, 1972, 9, 53-62.

Measured the contingent negative variation (CNV) for 5 male and 5 female
psychology students during a pitch discrimination task with 2 levels of difficulty. Results show
that females had larger CNVs during easy trials than during difficult, and larger CNVs for difficult
trials in which they made incorrect judgements than for those in which they made correct ones.
The effect of difficulty and of correctness on the CNV is interpreted as a distraction
phenomenon.

259 Dermer, M., & Berscheid, E. Self-report of arousal as an indicant of activation level.
Behavioral Science_, 1972, 17, 420-429.

Activation levei is typically assessed via ih.: measurement of those physiological
variables reputed to be activation indicant . To investigate the usefulness of self-reports of arousal
level as an alternative means of activation measurement, 51 Ss made hourly reports of their
subjective level of arousa: while awake, across a four-day span. A circadian rhythm (about 24
hours) v:as detected by inferential statistical methods. Additionally, while the 24-hour
chronogram depicting the self-report time series may be approximated by a cosine function
attaining a single maximal value, our analyses indicated a function attaining local maxima at
13:20 and 19:40 to be more accurate.

The finding that both self-report and physiological measures of arousal may be
approximated by circadian functions which attain maximal levels during the middle of the
wakefulness cycle suggests that self-report as an activation indicant has some degree of construct
validity and may be useful in the test of hypotheses requiring activation measurement of free
ranging humans over temporally extended periods. It was also suggested that oral temperature
may be a valuable but neglected activation indicant since the circadian variations in the present
self-report data and those in previously published ora• temperature time series seem to be
approximated by functions which share a 24-hour periodicity and attain a maximal value at about
17:39.
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260 deSwart, H. It., & Das-Smaal, E. A. Relationship between SCR, heart rate and information
procesing. Biological Psychology, 1976,4, 41-49.

This study was designed to investigate the relationship between the amount of information
processing in concept learning (CL) and autonomic physiological activity as measured by skin
conductance response (SCR). Heart rate (HR) was also measured. Two conceptual rules were
used: a coni-nctive and an inclusive disjunctive concept. The results itneicated that the SCR rose
with increasing -mount of information processing at the feedback during CL. Furthermore, it was
shown that SCk increased with increasing difficulty of the conceptual rule. HR appeared not to
vary with amount of information processing, nor with type of concept. In the conjunctive series,
however, there was a significant difference between HR at stimulus presentation and HR at
feedback.

261 Dewarn, 1. M. Cybernetics and attention. In C. R. Evans & T. B. Mulholland (Eds.),
Attention in neurophysiolop. London: Butterworths, 1969.

The requirements for precision in aerospace technology have increased in an

unprecedented manner because of what has become known as 'the space age.' This need for
better control systems which cao function in vastly differing environments has given a great
impetus to the development of such fields as adaptive contol theory, optimum filtering, and the
associated problems of process identification. These concepts will be described in some detail
below. It will be shown that they have given rise to devices exhibiting a certain degree of
'artificial intelligence' which are of interest in regard to 'attention.'

Another impoi tant concept for understanding certain aspects of brain waves (and
biology in general) is ' mutual entrainment'. This will be illustrated by an example in technology
and the relevance of this phenomenon to the general problem of sef-organization will be
explored.

Thert will be some discussion concerninp a ' corn later model' for the function of
sleep which suggests that there may possibly be very important connecti(,ns between acquisition
of certain stages of sleep and the ability to 'pay attention' in a certain appropriate manner.

The concluding part of the paper will describe a cinematic demonstration, presented
at this conference, which concerns the relation between eye position, occipital alpha activity and
attention.
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262 Dichgans, J., & Jung, R. Attention, eye movements and miotion detection: Facilitation and
selection in optokinetic nystagmus and railway nystagmus. In C. R, Evans & T. B.
Mulhoiland (Eds.), Attention in neur 2 p.osillog. London: Butterworths, 1969.

1. The influence of at!ention on eye movements and motion detection has been
inveitigated by the recording of orptokinetic nystagnius (OKN) and the psychophysical scatng of
veto,.ity perce•pt ion.

2, OKN is altered by attention in two walys: (a,ý Facilitation by visual attention to

the moving stimuli, which can be adequtely followed in this conJition by the slow nystagmic
phase up to stimulus velocities of 50-90 degrees per second. (b) Visual selection with foveal
fixation of single moving objects .'nd adequate pursuit in a panorama containing objects with
differunt and varying velocities.

3. Two mechanisms of motion detection were studied by quantitative methods and
were separated by voluntary alteration of att=.ntion and fixation: afferent motion detection by
visual inflow from moving retinal images results in excessively high velocity perception: efferent
"motion.i detection by oculo-motor outflow from ocular following movements causes adequate
velocity perception corresponding to real stimulus velocities. Only the oculomotor mechanism
appears dependent upon attentive facilitation.

4. Afferent velocity perception from moving retinal imagcs during diminished
attention or fixation of stationary objects is exaggerated, by a factor of 1.6- 1.9, when compared
with efferent velocity estimation during attentive eye follow;ng.

S. The slow phase of OKN shows adequate following at stimulus velocities of 50-90
degrees per second, but only for short periods uf optimal attention. Spontaneous slowing of
tracking movements occurs together with irregular periodic slackening of attention and blurred
vision. More marked slowing is caused by auditory distraction, visual imagination and other
modifications of the intention to look at the moving objects.

6. Recordins of railway nystagmus demonstrate the selective function of visual
attention, fixation and pursuit. The visually interesting obiect is selected and the eye movements
precisely track its waxing and waning velocity. Foveally fixated objects dominate motion
perception, although retinal images may show opposing movements in the fore-and background
of the pursued object. Lengthy ocular pursuit results in adequate reproduction o' the changing
velocities of the selected object over large parts of the field of regard, and is represented by round
and S-shaped slow phases.

7. The results have been discussed in relation to atteitive mechanisms of intentional
selection, vigilance, distraction and to the constancy of space perception with saccadic
suppression during the rapid phase of OKN.
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"263 Dimond, S. J. Vigilance and split-brain research. In R. R. Mackie (Ed.). Viilance: Theory,
operational performance, and physioloxical correlates. New York: Plenum Press, 1977.

In the attempt to find systems of the brain responsible for vigilance performanLe it
is shown in studies of the capacity of the normal person that the watchkeepirng functi-nis at the
two sides of the brain differ in certain important respects. The view is expressed that there are
two different hemisphere vigilance systems of the brain. This has important implications fof
theories of vigilance because theory which applies to one may not apply to the other. Studies of
split-brain man show differences between the performance of the two hemispheres and in
addition teveal gross failt~res of vigilance perfcrmance associated with the total-split condition
but not with partial section preserving the splenium. The defect can be characterized as 'holes of
consciousness', appearing at each side of the brain. The view is expressed that the system which
itself unifies the two hemispheres acts :-s part of the system fjr visual consciousness vihich spans
the brain and involves the splenium of the corpus callosum.

264 ')imond, S.. & Beaumont, G. Hemisphere function and vigilance. Quarterl• journal of
Lxperimental Psychology, 1971, 23, 443-448.

A vigilance task in which successive signals were presented to one or other
hemiretina, and therefore to one or other cerebral hemishpere, revealed no differences between
the hemispheres in terms of Getections, although detections declined overall during the
experimental period. False positive responses atso declined, bui consistently more arose from the
left hemisphere. There was also a difference in the detection of signals received through the nasal
and temporal hemiretinae, the temporal hemiretina showing superiotity in detection rate
throughout the experimcnt. This finding may provide a new And more economical approach to
the tunnel vision phenomenon.

2M Dimond, S. J., & Beaumont, J. G. Differences in the vigilancc performance of the right and
left hemispheres. Cortex, 1973, 9, 259-265.

A vigilance task was presented to either the right or left hemisphere alone by mears
of a divided visual field technique. The left hemisphere was found to be superior in detection and
to give tise to fewer false positives. Handedness was found to be related to performance it) the
right hemisphere group. It is argued that the results suggest the presence of two vigilance systems
w'thin the brain, a primary system operating initially at a high level, showing dectement with
time, and associated with the left hemisphere, and a secondary system showing no decrement,
but operating at a lower level, associated with the right hemisphere.



265 Dokce, G., &Waldeicr, H. Spectral and multivAriAte analysis of EEG changes during 4nental
Activity .n man. F lt;trtencephalonrgh~ J CliniSAI Neurophys ology, 19Y", 577-584.

obtained I LI( retordings ol 10 healthy Ss during rest with eyes closed, rest with
or,%e open, nxwtAl Arithmetic, And reading. Spectral analysis and multivariate statistical analysis of

spettfia value% yielded the following results. (A) The percentage of alpha intensity decreased

aritmetc ad radig, () Asigifiantincrease in relative beta intensity was found during

incrasein tetaperentae dringreaing anAn increase in delta percentage during arithmetic
were charactermsic for these tasks. (d) The Statistical Analysis Of spectral values of EEG showed A
different oerganization of the ElCG in frequency bands. During arithmetic and reading a more
..ornplex organiiatkon of the EEG w*ithin the fast frequencies and change' in the distribution of
lrequcniý hatnds in the %tibalpha range were found.

267 Donald, M. W. Eletrocortical correlates of fiixed~ foreociodSJeisiot tasks. Unpublished
doctoral dissertation, McGill University, 1968. (Cited by L. Karlin., Cognition, preparation,
And %ensory -evoked potentials. Psychological Bulletin, 1970, 73, 122-136.)

266 Donald, M. W. Direct-cýurrent potenti~.s in the humart brain evoked during timed cognitive
performance. Nature. 1970,_L27. 1057-1058.

Walter et atl. observed that when a human subject is presenited with two sequenlially
siatied stirouli -4o thaTt ifre first %erve% to signal the occurrence of the second, a negative D. C. shift
OLUIS during the interval between the stimuli in an averaged scalp EEG recording; ,ie termed this
p'henornenon the "contingent negative variation" (CNV). C'NV is frequently elicited with fixed
torepetio~d decisioo task%, which mayv be said to inclLie a "hold"' phase, front the warning signal

(WS) to the tlask stimulus (TS), and an "operate" phase, following the TS and terminating with
the subject's response (R) to the TS. CNV definitely occurs during the hold phase, so long as theI
subject is mo~tivated and the U.sk is sufficiently difficult, but it has not been demonstrated that
CNV is present during the operate phase. The tasks used in previous experiments have been so
simple that TS and R occurred virtially simultaneouzly, and it could not be determined whether
the termination of CNV covaries with the TS (the end of the hold phase) or with R (the end ofI
the operate phase). In) these experiments CNV wa. averaged during several complex congioitive
!Asks with considerably longer operate phases, and found to persist throupghout the operate phase,
for pt- iods ringing up ito 8 sec after the TS.

260 Donald M. W. I r., & Gotff W. R. AY tent ion-related increases in cortical responsivity
dism)o rated from the contingent negative Variation. Science, 1971, 172, 1163-1166.

Certain tasks which increase attentioni to stimuli also elicit the contingent negative
variation and increase the amplitude of the P300 component of the sensory evoked response.
Therefore it appeared possible that the continigent negative variation and attention -related
increases in P300 are either confounded by Artifact or generated by common neural mechanisms.
1 he fact that we hiivc rec:orded attention-related increases in P300 amplitude independent of
corresponding systematic changes in contingent negative variation indicates that neither of these
passibilities i% cotrret. ihe two phenomena a~re independently variable moduiations of cortical
Activity.
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*70 Donald, M. W., & 6.-41, W. R. Contingent IwgAtive %atatl 1 and %ensory evoked i,%ls.ne%,
Their interaction and relatiotohip t) auditory di.rimination. i nerpahltraphy arid
Clinical Meu!2phYsiol2,M. 107 1, Supplemennt 1., 10)4. 117,

The (:NV, the P300 wavr and vArious othet mulati% and audit•ois evoked respon1,
components were monitored simtWItaneously with ao~tiiaa in a peILeptual identiiLation task.
Care was taken to avoid oontounding %ensory evoked ie•ponses with the retuin of (.NV it)
pre-trial baseline.

The ainplitudes At both (CNV and the P4(0) wave were p1sItiVel• %.urelmated with
spontaneous fluctuations in aCiuray, hut the ct-rrelation b-vtween CNV and P300 was not
significant, et;!n without conw-olling their mutual COvariance with aCUNaIY. Other somatic and
audito.y evoked response cof-onlpienls were not tonsistentll cotclated with vithei JILCusaC 0I
CNV amplitude.

When variation Ik P.(0W was etXpeICnIeIntall( mdI e.d (by , hanging the task i.-lCv4n1.e
of a stimulus), increa.ses and detc~a.es were tdemrrrstrably •idependent of :hanges in (NV
amplitude or wave toirn.

A change in the task ileve'ante of a stimunlus mtdified the ieto'-er, of P (LM) toron .
previous stimulus; inctrmeasd CNV amplitude had no tomparable e'ffectt on ieovef•.

SpofIanOtUS inaIlS.% in P300( followed a diltecent moment-to-moment timet ourse
from changes in CNV amplitude

The implied iunctional separation of P-100 from CNV suggests t1o brain
mechani-ns are supportive Af succ-Mstiai cognitive pmi torman••c, the first related to ,, er %•taRe of
sensory information processing, the _etond to maintenance ot a response %Lt.

271 Donchin, E. Average evoked potentials and uncertainty resolution. Psyrchonmic Science,
1968, 12, 103.

Two Ss were presented with a series of near thr.;shold flashes of light. They reported
in which of 8 different positions ettch flash appeared, and the degree of judgement certaint'.
Average evoked potentials to the flashes were also retcordctd from the ocpiput. A positive going
wave with latency to the peak of 250 msec appeared wtien the S was &:erfa.r .a1ho his
judgment, whether or not he was t or ret' t.

272 Donchin, E. Disý:riminant analysis in average evoked response studies. The stiud of sicigle
trial data. ElectroencephAloirAphy and Clini(al Neurophysiology, 1469, 27, .1 -•114.

The data presented suggest that it is possible to make meaningful orparis
between EEG records obtained with a single presentation of the stiniilus ,And the average e'oked
potential. The technique for measuring evoked response similarit' assumes that each record
represents a point in a multi-dimensional space, and similarity is defind as the Eutlidean distance
in this space.
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273 Donchin, E. Methodological issues in CNV research. Electru.nc!jýpalogra y and Clinical
Neuphysioli, 1973, Sr.llement 33, 3-17.

In this review some methodolhgical difficulties currently prevalent in CNV research
have been identified. The need for standardized methodology has been emphasized specifically
together with the ,ieed for multiple-electrode placements and for careful behavioral and
instrumental technology and for thoughtful attention to the nature of tVie data when they are
analyzed. These problems do not necessarily characterize most of the work in the field; on the
contrary, there is much that is exciting and well dciouc in the recent work on the CNV.
Unfortunately, research on CNV is sorewhat like playing the recorder, an instrument tlhat is
extremely easy to play at an elementary level, but wln•ch is exceedingly difficult to play well. At
the root of the difficulty is the very simpLcity of the instrument. Given sume basi( equipment
and willing subjects, the recording of CNV data is relatively easy. The important question,
however, is the degree to which the obtained data are relevant to some meaningfui and important
question and are obtained in a competent way to provide an arns'ý,v'. to that question. The
primary condition for achieving this goal is to perform experiments that are very finely attuned
to the psychological processes which the CNV is presumahly tapping. Aithoug;i the electronic
technology which provides us with our amplifiers and compute . tis bccoming in:r-asingly
sophisticated, our methodolgy and behavioral control technology must yet be developed to a
parallel level.

274 Donchin, E. Brain electrical correlates ot pattern recognition. hI. G. F. Inbar (Ed.), Signal
analysi and pattern recognition in biomedical ineering. New York: John Wiley, 1975.

The application of signal-averaging technology to the study of poputatior-;:ecponses
of neuronal aggregates is discussed. The use of these techniqucs in the study of cortical I
manifestations ot cognitive activity is described in some detail. SpeCifica!ly the following
assertior,; are make: a. Stimuli which !rigger a dccision in the subject elicit an evoked response in I
which a positive going component with a latency of 300 msec is enhanced. b. Anticipated stimuli,
and self paced voiuntary iesponses a,e preceded by a slowly rising negative going wave, whichpeaks iust prior to the critical event. c. The positive going "c•ecision wave" and the negative going
"expectancy" and "preparation" waves are iidependent. Some spcculations are offered
concerning the functional significance of these phenomena.

275 Donchin, E. On evoked potentials, cogrnition, and memory. Science, 1975, 190,
1004-1005.

Once the sour' , of the observed diff.renceb, is identified as P300, it should be noted
that the literature suggests that while P300 clearly manifests an act of decision-making it provides
"little information as to the contents of that decision. Thus, the differeoces observed by Begleiter
and Porjesz may indeed reflect the fact that a decision concerning stimuli 4f medium brightness
was made by the subject. However, these differences 4.annot be considered related to the specific
physical attributes which the subject has ascribed to the stimuli. In other words, the ERP
waveforms cannot be considered as carrying the specific "memory traces" for stimulus
brightness. On the evidence at hand, all that can be said is that the subject (perhaps) searched his
memory. While it might be the case that neural patterns such as P3CO reflect "the activation of
memory traces about specific experience," there is no evidence for this proposition in Begleiter
and Porlesz's report.
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276 Donchin, E. (Ed.), The relationship between P300 and the CNV. A correspondence and an
experimental report. In W. C. McCallum and 1. R. Knott (Eds.), The responsive brain.
Proceedings of the Third International Congress on Event-Related Slow Potentials of the
Brain. Bristol, England, 1973. Bristol: John Wright, 1976.

The experiment consisted of a series of triali, grouped in runs. On each trial S was
presented with one of two tones. During Reaction Time (RT) runs S had to press the button in
her right hand following a high tone and the button in her lett hand following a low tone. During
the Predict (P) runs, the S 'vas to guess which of the two tones would be presented on the
following trial. During RT trials, the tone was repeated if the subject failed to respond within a
specified interval. During P trials the tones were always repeated. Within any run some of the
tones were preceded, at an interva! of 1500 msec, by a warning flash from the photic stimulator.
On other trials the tones were presented without warning. S was always informed by the
television monitor whether she would be forewarned of the arrival of the tone. Display 'A'
informed S that arrival of the tone would be preceded by the warning flash. Display '3' indicated
absence of the warning flash. One of the two patterns was always on.

The working group felt that this demonstration may assist in an eventual resolution
of the issue of the relationship between pre- and post-stimulus electrocortical activity. The
experimental design was elaborate, so that precautions must be kept in mind.

Two major aspects of this collaborative research emerge: (1) Careful design of
experiments is critical, in order precisely to identify and quantitatively manipulate the
independent variables. (2) The dependent variables (the electrical events, negative and positive)
must be treated in a topographic domain. [Editor's nott: e.g., in an electro-anatomical
framework, I.R.K.1. Mulitple recording areas, to include lateral as well as midline placements, are
necessary for adequate description of electrocortical processes.

A full experiment based upon 12 subjects was conducted subsequent to the Congress
and appears as a paper: 'On the independence f the CNV and P300 components of the human
averaged evoked potential.' (Donchin, E., Tucting, P., Ritter, W., Kutas, M. and Heffley, E.
(1975). Electroencephalogr. Clin. Neurophysiol. 38,449461.) This study confirmed: (1) P300 is
not influenced by the presence or absence of a warning stimulus; (2) the distributions of P300 and
CNV are topographically different.

2n Donchin, E., & Cohen, L. Averaged evoked potentials and intramodality selective
attenrion. Electroencephalography & Clinical NeurophysioIogy, 1967, 2., 537-546.

Attempted to determine the effects of attention on average evoked potentials when
there was no general change in the alertness of the S, and no peripheral gating of sensory inputs.
Twenty-two Ss viewed a 50-msec flash of light superimposed on a fluctuating background. In I
of the 2 experimental conditions, the S ignored the background alternations and responded to
the flash; in the other condition, the S ignlored the flash and responded to the fluctuations in theIackground. It was found that the stimulus to which the S responded elicited an average evoked
potential with a considerably enhanced late positive component (latency to peak 250-300 msec).
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278 Donchin, E., & Cohen, L. Anticipation of relevant stimuli and evoked poteitials: A reply
to Naatanen. Perceptual & Motor Skills, 1969, 29, 115-117.

Naatanen's comments on Donchin and Cohen's study of selective attention seem to
derive from a failure to appreciate the relationship between the negative shifts in cortical
potentials reported by Naatanen, and Grey Wa!ter's CNV. Naatanen's assertion that slow negative

cortical shifts reflect generalized cortical activation is discussed.

279 Donchin, E., & Cohen, L. Further reply to Naatanen. Perceptual & Motor Skills, 1969, 29,
270.

To suggest that the difference we observed is due to tile relative periodicity of the
stimuli is to suggest an interpretation of the data. This is perfectly permissible, but it is not a
disputation over data. It is, indeed, possible that had we used a "completely randomized stimulus
sequence" as Naatanen suggests, we would have obtained different results. This is an empirical
question, and we would be very interested to know what Naatanen finds when he conducts such
an experiment.

280 Donchin, E., & Cohen, L. Evoked potentials to stimuli presented to the suppressed eye in a
binocular rivalry experiment. Vision Research, 1970, 10, 103-106.

Our conclusion at this point has been that "division of attention" from the flash to
the rivalry target has such a decided effect on the Visually Evoked Cortical Potentials (VECP) to
the flash that it would not be possible to study the effects of binocular rivalry on the VECP by
this technique. We therefore abandoned&this study. A detailed report of subsequent investigations
of this intra-modality selectivity has been published (DONCHI-N and COHEN, 1967). We have
shown that the effect is not unique to binocular rivalry but is obtained with other visual targets.
SMITH, DONCHIN,COHEN and STARR (in press) have described a similar effect for auditory
stimuli.

Cobb et al., in a very similar situation have obtained a clear response to the flashes.
The VECPs to flash were characterized by a long [atency component (peaking about 250 msec
after the stimulus). The amplitude and latency of this component were independent of the

dominance status of the eyes. Why the difference between our results and those obtained by
Cobb and his coworkers? The design of the two studies differed in one detail. Cobb et al.
presented stimuli A -ýn the subject pressed the switch and the subject did not know which eye
would be stimulate-. On the other hand, we presented stimuli at random intervals and to the
same eye. There was thus a clear temporal relationship between the flashes and the task the
subjects were performing in the Cobb et al. study, and no such relationship in our study. We
suggest, therefore, that the difference between our results and theirs is due to the contingency
between the subjea's response and the presentation of the flash. The major wave reported by
Cobb .t al. is probably P300. Thus again, as in our results, the data reflect not so much the effect
of binocular rivalry on the VECP as they do the contingency structures of the task and the degree
to which the subject pays attention to the flash.

We th;r ., this point is worthy of note because in AEP work it is imperative to realize
the important corcrol that such variables as the task relevance of the stimuli exercise over the

, waveshape and form of the VECP. A "purely visual" experiment using the VECP technique must
assure that there is no direct relationship between the timing of stimuli and the contingency
structure of the experiment.
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281 Donchin, E., Gerbrandt, L. A., Leifer, L., & Tucker, L. Is th., contingent negative variation
contingent on a motor response? Psychophysioloiy, 1972, 9, 178-188.

Ten subjects participated in an experiment in which each was presented with series
ot ',aired stimuli separated by 1000 msec. The first stimulus was a click. The second stimulus was
either of two visual patterns, concentric circles or a star figure. Figure selection on each trial was
determined by a random procedure.

There were four experimental conditions: 1) Subjects pressed a switch following the
presentation of either figure. 2) Subjects pressed a switch following the presentation of the star
only. 3) Subjects guessed prior to the clicks, which figure would appear as S2; no overt motor
response was required. 4) Subjects had to add 7 to a cumulative sum following a star, and
subtract 7 following the circles; no overt motor response was required.

Using data obtained from a vertex to linked ear derivation we conclude that the
CNV is not contingent on a motor response to S2.

The electrical potentials recorded following S2, and in particular the positive-going
"resolution" of the CNV seemed to vary systematically with the experimental conditions. An
application of Tucker's three-mode factor analysis to this CNV is reported.

282 Donchin, E., Gerbrandt, L. K., Leifer, L., & Tucker, L. R. Contingent negative variations
and motor reponses. Electroencephalography and Clinical Neurophysiology, 1973,
Supplement 33, 187-190.

Grey Walter's original report (Walter et al. 1964) of a slow negative wave recorded
over the frontal areas of human subjects during the foreperiod in a reaction time experiment has
triggered a considerable number of investigations. The consensus of most has been that the

general validity of the phenomeion cannot be doubted. Although a variety of artifacts which
might "look like a CNV" have been described, it is possible to control for most of these artifacts
and yet obtain a CNV.

The agreement on the fundamental validity of the observation did not lead to
agreement on the nature and on-the functional significance of the CNV. As Low has stated in a
recent symposium (1969) "the CNV is contingent upon something; the question is, upon what?"
Whereas Grey Walter tends tc stress the contingency between the stimuli and the relation
between the CNV and "expectancy", others have stressed the fact that, in the majority of CNV
experiments, the second stimulus in the series is followed by a motor response. A motor
response, as Kornhuber and Deecke (1965) and Vaughan qJ aj. (1965) have shown, is preceded by
a negative-going slow potential and this has led to the suggestion that the CNV and the motor
potential are identical. In view of this controversy, it seems important to determine the degree to
which the motor response following the imperative stimulus is truly necessaN for the production
of a CNV. In spite of the importance of this question, only a few sporadic aftempts to resolve the
issue have been reported. Most agree that the CNV can be elicited even whe a motor response is
not required. We felt, however, it would be useful to conduct a systemat, study in which the
same subjects will be presented with the same stimulus situation, varying 0:o involvement of the
skeletal musculature in the response of the subjects to the imperative stimuhas.
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9M Donchin, E., & Herning, R. I. A simulation study of tile efficacy of stepwise discriminant
analysis in the detection and comparison of event related potentials. Electro-
encephalographI and Clinical NeurpwV o, 197S, 38, 51-68.

Cortical average evoked potentials were simulated by summing five damped
sinusoids. The charcteristics of these "evoked" responses could be manipulated by changing
parameters of the sinusoids. The synthesiied signals were mixed with noise processe. whose power
and band-width were mainipulated. Thus data were generated to simulate a vai iety of conditions
which could conceivably occur in an experiment on evoked potentials. Stepwise discriminant
analysis (BMDO7M) has teen applied to these simulated data in an attempt to determine the
degree to which the program identifies, in a sensible manner, the differences we introduced into
the synthesized evoked responses.

The simulation results indicate that stepwise discriminant analysis can indeed be an
efficacious tool in research on evoked potentials. The program does detect ditterences i:n evoked
potentials. It can be used, with some reservations, to identify the components of ai evoked
potential which the experimental variables have affected. In a special set of simulations we have
attempted to determine the degree to which stepwise discriminant analysis could serve to detect
the presence or absence of an evoked potential. These simulations show that the score of an
average evoked potential on the suitable discriminant function reflects the presence or absence of
the evoked potential in the data. The implications of this finding to the use of evoked potentials
in senory sensitivity testing were evaluated in studies of the effect on them of stimulus intensity.

264 Donchin, [., Johnson, R., Herning, R., & Kutas, M. Covariation of the magnitude of the
CNV and P300 as a function of the subject's task. In W. C. McCallum and I. R. Knott
(Eds.), fhe responsive brain. Proceedings of the Third International Congress on
Event Relatc-d Slow Potentials of the Brain. Bristol, England, 1973, Bristol: John Wright,
1076.

The above results indicate that by varying S's task it is possible it) manipulate the
distribution over the scalp of both the CNV and the P300 as well as the overall amplitude of
these two components. Within each task, the magnitude ef the components, though not their
scalp distribution, is modulated by conditions under which the S is performing the task. In two
tasks requiring a motor response, we find right-hem;sphere potentials exceeding the
left-hemisphere potentials. In one task, not requiring a motor response, this ,elationship is
reversed. However, in all tasks we find that thle amplitude of the distributimo cai• be shifted up o0
down as a function of the complexity of the sequence generating rule used to determine thie
succession of trial outcomes. In any eveit, P300 and CNV areas appear to be aftected in a similar

manner by all these mivnipulations.

We speculated about the implications of the effects of the sequence on P300 I
at.plitude in' our previous report (Donchin et il., 1973b). For the present it is noteworth, t.h•t
similar considerations might apply to the CNV. This of course revives the possibility that there is a
strong relationship between these two components of the human evoked response. Needless to
say, the demonstration of such a correlation does not inmply a common casual source.
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j Donchin, E., Kubovy, M., KutasM., Juhnson, R., Jr., & Herning, R. Graded changes in
evoked response (P300) amplitude as a function of cognitive activity. Perception &
Psychophysics, 1973, L4, 319-324.

Used a stepwise discriminant analysis with 10 undergraduates to demonstrate that
the amplitude of P300 is a graded function of the complexity of informadion processing (equired
of an S following a stimulus. This relationship between cognitive complexity and P300 was
apparent only when S was not pressed to generate fast and accurate discrimirnant responses to the
stimuli. Under a reaction-time regime, a large P300 was elicited independently of stimulus
predictabilit, or cognitive complexity. It is coicluded that P300 Is a measure of the amount of
activity of a general purpose cortical processor.

2W Donchin, E., & Ktitas, M. Preliminary observations on the effects of response parameters
on pre-response potentials. In W. C. McCallum arid J. R. Knott (Eds.), The ;esponsive
brain. Proceedings of the Third International Corigess on Event-Related Slow Potentials of
the Brain. Bristol, England, 1973. Bristol: John Wright, 1976.

All conclusions at the present are based on visaal inpection of superimposed rev.ords
averaged for each S and obtained from right-handed • only. With these restrictions the results may
be very simply summarized. We find that the amirr;ude over the left motor cortex of the
potentials (all components) are :arger than the corresponding poterials obtaired over t' '! right
motor area, when S responds with his right hand. This asymmetry between the hemispheres
disappears when S responds with his left hand. The above result appears at all force levels.

In general, we find that the force level has no effect on the amplitude of the
qoteaitials, the amplitudes at all three levels used, for each of the right-handed Ss is identical. We
also note that the presence or absence of the feedback stimulus at the termination of the
movement i'as no immediately obvious effect on the potentials.

297 Doncair, E., Kutas. M., & McCarthy, G. Electrocortical indices of hemispheric utilization.
j In S. Hair, ad et al. (Eds.), Lateralization in the ne'iott sys•em. New York: Academic Press,in

press.
We review the evidence for the proposition that differences between the electrical

activity recorded at homologous scalp locations over the two hemispheres can be used to index
hemispheric utilization. There seems to be adequate support for the assertion that the ratio of
EEG power ovtr the hemispheres is .ensitive to task variables. The direction of the difference is
to snme extent consistent with predictions derived from contemporary ideas about hemisphe,.ic
specializations. Of the various ERP parameters studied, the sturdiest resu;ts come from
investigations of anticipatory potentials which appear to be asymmetric, again, in the predicted
direction.

These trends are far from conclusive. Some methodological problems were reviewed.Attention should be paid to the independenit validation of the behavioral effec, . of experimental
instructions; to the greater sensitivity of within-group repeated measures designs; to the choice ofEEG parameters for study; and to the measurement and analysis of data.

Data are presented which demonstrate that (a) slow potentials preceding a voluntzrv
self-paced motor response are largest over the hemisphere contralateral to the responding hand -

(at least in dextrals); (b) the pre-response asymmetry can coexist with "cognitive" anticipations
which are symmetric; (c) the pre-response asymmetric readiness potentials appear to be followed
by a prolonged potential shift with a polarity which is apparently inverse to that of the motor
potential; (d) when the information processing load is increased some spacialization laterality
seems to occur in the CNV; (e) both this CNV negativity and task-related shifts in power In the
alpha band appear mostly as modulations of left hemisphere activity rather than as reciprocal
changes in hemispheric activities.
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2" Donchln, E,,& Lindsley, D. B. Cortical evoked potentials and rcac, ion times.
Elcrecpiorýh n ii& Neurophysiolog , 1965, 18, 523. (Abstract)

'I'he purpose of this study' was to letermine thc mainer and extent to which
reaction timie (RI) to visual stimuli rdatesto Ll~~encies and wave uvrimoonents of the average
evoked potentials (ALP) elicited by the visual stimuli. It is assimed th~kt the speed of the
reaction is In part a function of the alertness of the ,ubject, thuis potentia-i elicited by flashes to
which reactions are slow, or fast, should reflect the rece~ntly reported relationships between ~he
degvee of alertness of the subject and his ALP,

Od~ferent AEP patwens were elicited by flashes which produred different reaction
times; shoittr latencies were associated with shorter RTs. Cortical responses time-locked to the
motor response were also studied, including activi'ty preceding and following thze response.

%Q9 D.onchin, E., & Lindsley, D. B. Vistizlly evoki.d response correlates of perceptual masking
and enhancement. Electruencciahora iy and Clinical Ne urqphysiAloy, 1965, 19,

For all interflash intervals in the brightness enhancement range the response to
'paired flashes wa,ý approximately a linear sum of the responses to the two flashes when presimted

alone. Thus when the response to the second, brighter, flash (BF) was subtracted from the
respon-; to the pair, the residlual represented the response to the first, or test flash (TF). For
interflash intervals in thz mnasking range, the residual shows no delectable response to the TF
aftcr subtracting the. response to the BF.

These results suggest that retroactive brightness enhancemnent represents an
inter.Action betweeni the neural re presentat ions of the two flashes, while the masking
phenomenon is due to a displacement of the neural responsc to the "IF by the response to the BF
and that this interaction occurs prior lo the stage at which thc average evoked potential is
elicited.

afo Donchin, E., & Lindsley, D. B. Average evoked potential% and rca'. tin times t( visual
stimuli. Electroencephalqgrap~yy and Clinical Neurophsioog, 1966, 20, 2"17-223.

Avecrage cvo'ned potentials to brief light flashes were recorded from occipital, vcrtex,
temporal and orbital leads in ten subjects during at reaction Itimec studs Subjects performed under
two conditions, with and without knowledge of iresults.

The ampli'.?u(:e of the av%!ra,..c evofed potentials was related to reat.tion w~ile, For ally
given sequence of reaction times, fast'n reactions v~ore associated with larger amplitude average
evoked potentials. Knowledge of results shortened reiction times z;id increased the Magnitude of
average evoked potenti~ls.

lie diffuse and non-specific character ol'the main component of the average evoked
Potential dner oreflect chvc ncot~locitability asstciated with the v'ariability of
reaction time. This result has been ;nterpreted in i -,lation to the noii-%pecific arous.!l and alerting
mechanism.
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291 Donchin, F., McCarthy, G., & Kutas, M. Electroencephalographic investigations of
hemispheric specialization. hi J. L. Desmedt (Ed.), Progress in clinical neurophysiology.
Vol.3. LanguaLe and hemispheric specialization in man: Event-related potentials. Basel:
Karger, 1977, in p.ress.

In this chapter we review studies of the electrocortical manifestations of ernispheric
specialization in humans focusing on the relation between linguistic performance and
hemispheric activities. In all of the reviewed studies, measures of the human electroencephalogram
(EEG) or event-related potentials (ERPs) are used as dependent variables. This is an extensive
revision of an earlier review which considered literatLre published before 1975 (Donchin, Kutas
and McCarthy, 1976). In the present review we have paid closer attention to the correlation
between linguistic function and the electrical activity of the brain. Our previous review
considered in some detail methodological problems which confront investigators in this area of
research. Tlis discussion is not repeated here ano interested readers should consult the earlier
paper.

The papers, reviewed h-re utilize the same logic - the scalp distribution of some EEG
parameter is the source of inferences about the differential utilization uf distinct cortical regions
during the normal processing of information by the brain. The underlying assumption is that
certain aspects of scalp recorded activity are correlated with "utilization". Unfortunately, the
physical properties of a "utdiized" population of cellsare not very well understood and the effects
such activities may have on scalp recording is even more in doubt. Naturally, the use of scalp
recordings in the study of hemispheric utilization is fraught with difficulties.

292 Donchin, E., & Smith, D. B. D. The contingent negative variation and the late positive
wave of the average evoked potential. ElectroenceDhalopraphy and Clinical
Neurophysiology, 1970, 29, 201-203.

Stimuli that are task relevant elicit an averaged evoked potential (AEP) that shows
an enhanced positive component (P300) with a peak latency between 200 and 300 msec. The
contingent negative variation (CNV) usually terminates with a positive wave with a latency of
approximately 300msec. The possibility that these two phenomena are related was investigated.
The data indicate that when conditions are appropriate, both the CNV and P300 can be obtained
in the same experimental situation, and their relationship should be further elucidated.
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2M Donchin, E., & Sutton, S. Tht "psychological significance" of evoked responses: A

comment on Clark, Butler, and Rosner. Communications in Behavioral Biology, 1970, 5,

Clark, Butler, and Rosrewr 1969) reported a dissociation, under k:yclopropane
anesthetic, between behavioral thresholds as,,' thresholds for average evoked potentials recorded
from human scalp. They stated that their findings "raise doubts about the psychological
significance of evoked potentials." It is our contention that in contast to their sweeping
conclusions their data are inadequate, their methodology is faulty, and alternative e~xplanations
have not been explored. Our critique distinguishes the early and late components of" the average
evoked potentials. For the early components, we find the sample date they present extremely
"noisy" and unconvincing.

"The data for the late components are convincing. However, they do not lead to the
conclusions of Clark eq #I., because of an experimental design in which behavioral and
physiological data are obtained with different procedures and separate sessions. The behavioral
thresholds are obtained with a descending method of limits which would tend to yield thresholds
which are too sensitive. The evoked potentials are obtained tinder conditions which would tend
to reduce their amplitude---in response to monotonously repeated stimuli unrelated to a
demanding task and while under the influence of cyclopropane which made the subjects feel
"detached from their environment and...unconcerned with the passage of time." While the
behavicral data are also obtained under the influence of cyclopropane, the nature of the task is
such as to require careful attention to each stimulus. There is a large literature on human evoked
potentials which show that late components of the evoked potentials are highly senstive to the
attentional state of the subject. Some of the requirements that would have to be fulfilled for an
adequate exploration of the question raised by Clark et al., are presented.

294 Donchin, E., Tueting, P., Ritter, W., Kutas, M., & Heffley, E. On the independence of the
CNV and the P300 components of the human averaged evoked potential.
Electroencephalography and Clinical Neurophysiolog., 1975, 38, 449-461.

We report an experiment designed to assess the interactions between tile CNV and
the P300 components of human event-related potential. Eight subjects were each presented with
series of experimental trials on all of which either a 1200 c/sec or an 800 c/sec tone was
presented. There were three independent variables: (a) The presence or absence of a warning flash
1000 msec prior to the tone. (b) The task assigned to the subject - that is subjects were either to
make a discriminative response to the tone or, on half the series, to predict prior to the trial
which of the two tones would be presented. (c) The predictability of the tone frequency. On half
the series high and low tones alternated from trial to trial. On the other series, tones were chosen
randomly on each trial.

The data show that the amplitude of the P300 component is not affected by the
presence or absence of a warning stimulus. Furthermore, the distributions of P300 and the CNV
over the scalp are quite different. These conclusions are supported by a principal component and
a discriminant analysis of the data.

We conclude that the CNV and the P300 reflect the activity of fur,ctionally distinct
cortical mechanisms.
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M Donchin, E., Wicke, J. D., & Lindsley, D. B. Cortical evoked potentials and perception of
paired flashes. Scienc e, 1963, 141, 1.85-1286.

Digital computer techniques have been employecd to extract cortical evoked
potentials to paired visual stimuli. Changes in the evoked potentials have been related to
perceptual phenomena varying as a function of the interval between flash%,:. Evoked potentials to
paired stimuli, which gave rise to perceptual interactions, could be approximated by algebraic
summation of the responses to the stimuli when presented separately.

M Enoroshenko, V. A., Muraviev, V. I., & Pudovkin, A. I. On evaluation of amplitude changes
in the m a i n h u m a n E E G rhythms in response to ser~sory stimulation.
Electroencephalography and Clinical Neurophysiology, 1970,29, 97. (Abstract)

Under these conditions stimulation enhanced alpha waves (during 15 sec after
stimulation was started), decreased theta waves (most distinct during the first 15 sec with return
to the initial level during the next 4 min) and increased heart rate (time course similar to that for
theta waves). Differences in response clarity between the averaged curves of heart rate, alpha
waves, theta waves and general EEG were not st,-ttically reliable; i.e., ali these parameters
proved to be equal for judgment of the presence of a signal.

The authors discuss the evaluation of correlations between rhythm amplitude in the
preceding background and clarity of response (for alpha range), as well as confluence of responses
in different EEG frequency bands.

2•S Doskin, V. A., & Lavrent'yeva, N. A. Periody maksimal noy rabotospos.obnosti i sutochnyy
ritm fizielogicheskikh funktsiy. IPeriods of maximum performance and circadian rhythm of
physiological functions.j Sovetskaya Meditsina, 1974, 8, 140-14S.

An investigation is made of maximum *performance and circadian rhythm of
physiological functions in students of the Moscow Medical Institute. It is concluded that periods
of high performance are determined by the circadian rhythm of physiological functions.

2W Douglas, R. E. Information 2[rocssing, sinus arrhyt!hmia and academic achievement.
Monterey, California: Naval Postgraduate School, March 1972, (NTIS NO. AD-743 732)

This experiment investigated the effect of motivation on sinus arrhythmia, heart
beat, and infornmation processing rate. The two way analyses of variance which were performed
showed that motivation affected sinus arrhythmia and information processing rate and did not
affect heart beat. A system was developed to classify the general patterns that resulted in the
measure of sinus arrhythmia as information processing levels increased. This classification system
may have eventual use in predicting a student's academic achievement.
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299 Doyle, I. C., Ornstein, R., & Galin, D. Lateral specialization of cognitive mode: II. EEG
frequency analysis. Psychophysiology, 1974, 11, 567-578.

This study reports a frequency analysis of hemispheric EEG asymmetries in normal
subjects performing cognitive tasks. Language and arithmetic tasks were expected to engage
primarily the left hemisphere; spatial and musical tasks were expected to engage primarily the
right hemisphere. Both motir and non-motor tasks were used, e.g. writing a letter and composing a
letter mentally. Recordings from temporal leads (T3 ,1 4) and parietal leads (P3 ,P4 ) referred to
the vertex Cz were subjected to discrete Fourier transforms; ratios of power from homologous
leads (T4/T 3 , P4 /P3 ) were computed in conventional frequency bands. These ratios (right/left)
are significantly higher in verbal and arithmetic tasks than in spatial tasks primarily in the alpha
band; the beta and theta bands show this effect less consistently. The delta band shows no such
systematic effect of cognitive mode. Considering the alpha band alone reveals a task dependence
of the asymmetry 2-5 times greater than we reported earlier for whole band power (1-35 Hz).
Whenever a significant task dependence of asymmetry appears in any band, it is in the same
direction: the hemisphere primarily engaged in the cognitive activity develps proportionately
less powe.r. The requirement of motor output increases the task dependence of alpha asymmetry
and lowers alpha power levels.

300 Driscoll, J. M., & Lanzetta, J. T. Effects of problem uncertainty and prior arousal on
pre-decisional information search. Psvchological Re.orts, 1964, 14, 975-988.

Fifty-four undergraduate 5s at the University of Delaw.'re were presented
sequentially 10 decision problems. Prior to making a decision on a problem, S had the option of
receiving up to 5 additional information items. Independent variables were the initial uncertainty
of the decision problem and prior "emotional " arousal. Dependent measures were the number of
information items Zaken, the utilization of time resources, and S's arousal level (GSR). 1'` *,er
independent variable affected the amount of information acquisition prior to decision, but
differences in problem uncertainty within the high uncertainty conditions were negatively related
to information search (r = -.706). Decision time increased linearly with problem uncertainty and
decreased across sequential problems. In general, decision-making became more facile with
increasing experience.

3M Droppova, Z. Analyza Vzt'ahu 'Tepu a Dychania vZat'azovei Situacii.I The analysis of heart
rate - respiration relationship under a load situation.] Sprav UEPSAV No. 177, 1973.

In an orienting investigation of heart rate and respiration under load, performance,
heart rate and respiration were simultaneously recorded in five situations. The load consisted of
following up light stimuli, the sequence of which gradually accelerated. A marked change ir heart A
rate was noted together with a slight change in respiration rate, A comparison of the courses of
these parameters indicates their corresponding relationship.
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W2 Dudley, L. M. The effects of arousal and attention on central, autonomic, and behavioral
processes (Doctoral dissertation, University of North Carolina at Greensboro, 1971).
Dissertation Abstracts InternationA., 1971, 32, 24166. (University Microfilms No. 71-260935)

The present investigation was conducted primarily to clarify further the dissociative
and associative effects of arousal and attention on the evoked cortical potetlal (ECP), contingent
negative variation (CNV), heart rate (HR), and reaction time (RT). A secondary consideration
was the evaluation of criticisms directed by Naatanen (1967) to selective attention research.

The experimental paradigm involved a contingency situation. An auditory click (S)
preceded a light flash (52) to which a RT response was required. The time interval between S1-S?
and S2-S1 was randomly varied from 2 to 3 sec. In some conditions, extraneous stimuli (SE) were
presented randomly at the rate of approximately 1 Hz within the S1-S2 and S2 -S1 intervals. The
maximum number of SE presented in any one interval was three, the minimum zero.

Changes in arousal were experimentally induced by requiring S to make a RT
-response to light flashes (relevant stimuli, S2) under conditions of contingent, noncontingent,
and no shock. Attention was varied by requiring S to react to S2 only, react to S2 while ignoring

SE (light flashes in the opposite field), and react to S2 while also counting SE. The ECPs to both
S2 and SE were obtained; simultaneous!v, CNV, HR, and RT were recorded for each of the four
Ss under the nine experimertal cuteditions generated by thes'. major independent variables.

Each S's data were subjected to individuai analysis in order to assess consistent
treatment effects for each S. Changes in the amplitude of the ECP to S2 as a funrction of arousal
and shiats in attention were found to be statistically significant for all Ss. The ECPs to SE were
.'so foiund to be s'gnificantly affected by changes in arousal and attentiorn for three of the feuri
5s. In addition, there was a significant within-6-sec-interval effect on the amplitude of the ECP to

SE fo- two Ss.

The chanfes in HR for all Ss were tound to be significantly dependent upon arousal
level and for two Ss upon shrts in attention. The findings also showed that behavioral
nerformance (RT) *,as sign~fican;t•y altered by the expcrý,nental rianipulations of arousal and
attention, and 0i tVie same direct.in a3 the ECP data.

".he rculhs in general favor a selective attentio- interpretatlon of changes in the
amplitude nf the I-CP to S2. The findings of som- significant within-interval effects on the
amplitude (i the ECP to SE offer some positive support for Naatanen's criticisms of selective
attention reskarth. 'n spite of this, however, the data argue strongly fov an interpretation of ECP
changes which attributes nnc.z.ment to attentional factors in addition to the variation in
non-specific arousal. - he HR data readily support an interpretation based on activation tneory.



03 Duffy. E, The psychologial significance of the concept of "amousal" or "activation".
Psy,;holoSical Review, 1957,6 4, 265-275.

D0ffrences in activation in the same individual are, it is suggested, accompanied by
differences in the quality ot performance; the relationship may be g1atfhically represented by an
inwrted U-shaped curve. Further data are needed, however, to establish the validity of this
hypothesis.

In the same stimulus situation there are differences between individuals in the degree
of arousal. These differences tend to persist, and thus to characteriie the individual. Moreover,
the easily aroused, or responsive, person shows this responsiveness in many forms.

304 Duffy, E. Activation and behavior. New York: John Wiley & Sons, Inc., 1962.

The hypotheses presented here, and the review of the literature undertaken from the
point of view of activation theory, have perhaps raised more problems than they have solved. It
seems apparent that activation (its degree, its thictuatio', and its speed of return io a
prestimulus level) is associated with important differences in behavior. It is apparent that
differences in activation may be produced by many different factors, ranging from the genes to
"hormones, drugs and learneu responsi.es to cues. There appears to he both some degree of
"geneality" and some degree of "4tecificity" i1N activation, the extent of each remaining an
unsolved problem. It is contended, however, that i•ctivation is an organismic phenomenon, and
that it is recogniied as such when we speak of an individual's being relaxed or being excited
rather than of a particular system's showing this ck lition.

Characteristic individual differences in activation, or responsiveness, are suggested
as the basis from which certain other differences in behavior may be derived. Extreme differences
in the degree of activation, the variability of ,activation, or the speed of return of activation to a
lower level are suggested as characteristic of the functional disorders. Differences in activation in
the same individual at different times have been suggested as a factor in differences in sensory
sensitivity, various ispects of motor response, and the general quality of performance.

The purpose of the present discussion has been primarily to point out similarities in
phenomena which might, without focus upon them, be overloo!'ed. Critical data which would
support or deny maiay of the hypotheses are lacking, yet, from reading the results of the
investigation of a wide range of topics, there emerges the feeling that the phenomena of
activation are of basic significance in the understanding of behavior. Whether the conclusions
derived should take the approximate shape that is presented here remains for further
investigation to determine. If the image proves to be even partially correct, it will be illuminating
in many areas of psychology. If it proves to be altogether wrong, my colleagues will at least have
at hand some references which may prove useful in-the construction of a better image. Naturally,
I myself am a convert to my own thinking.
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306Duker, F. A. Au investigation into the use of physiulogicail me,,res for predicting
perform.-,•e times: An application of arousal therory (Doctoral dis'rtation, New Y,)Ik
University, School of Engineering and Science, 1971). Dissertation Abstracts Intcrnational
1971, 32, 2731B-2732B. (University Microfilms No, 71-29, 669).

The objectives of this study were to investigate the relationship between
physiological measures (heart rate, ventilation rate, splenius muscle potential and skin
conductance), and performance time on both light and heavy tasks. In particular, the use of these
measures to predict performance time was examined. In addition the hypothesiled inverted U
relationship of arousal theory, individual response specificity (IRS) and the effect of body surface
area and a physical fitness index on the measures of heart rate and ventilation rate were examined.

The results of the study indicate that the use of four physiological measures yields a
predictive relationship with performance time which is superior to :hat obtained when only one
physiological variable is used as a predictor. However, the relationship lacks statistical significance
for most subjects and c:ould not be used as a work measurement tool to ad.quately predict
performance times.

The results gave support to the hypothesized inverted U relationship. However, an
inverted U was not found for all subjects on both tasks. When it was found, a pronounced scatter
was apparent.

It was also found that individuaI response specificity existed for mos! .ubiects on
both tasks. This extended the IRS concept to heavy, strenuous work. In additiom .oub' was cast
upon the rise of body surfare area (or a physiLal fitness index) as a means ,f c• ininating
individual differences in physiological responses.

3O0 Dulany, D. E., Jr., & Eriksen, L. W. Accuracy of brightness discrimination as measured by
concurrent verbal responses and GSRs. Journat of Abnorma! and Social Psychology, 1959,
5 A9, 418-423.

In many sublitr;nal perception experiments some response shows discriminative
accuracy at stimulus values below the threshold of awareness determined by classical
psychophysical techniques. The procedure is objectionable because the threshold measure admits
extraneous varia,.ce that. the measure of "subliminal accuracy" does not. The mea',ures are not
comparable for another reason when one mesponse is the GSR and the other a verbal response
because the former is continuous and the latter, as manifested, is discrete. This experiment
compares the discriminative accuracy of GSR and verbal response when issessed by the same
forced-choice psychophysical techni 4 ue, a procedure that obtains a discrete index of both
responses.

i. Over a range of stimulus values producing from chance (50%) to approximately
99) accuracy of iudgment, the verbal response showed significantly higher correlation with the
stimulus than did the GSR.

2. Within the range of stimulus values producing from chance to approximately 70%
accuracy of judgment, neither response was significantly more accurate than the other.
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307 DuncanJohnson, C. C., & Coles, M.G H. Heirt rate and disjunctive reaction time: The
effects of uiscrimination requirements. JIOU, al of Experimental Psychology, 1974, 103,
S116-1168.

In three experiments, Ss were given series of easy or difficult auditory
discriminations in the context of a fixed forepxeriod disjunctive reaction time task. Tonic heart
rate was slower during series of difficult triAls than during %eries of easy trials, when they were
presented in separate sessions. When they were given in two halves of the same session, this result
was not .eplicated. When easy and difficult trials were presented in s random order, and
information was provided at the beginning of the foreperiod about the difficulty of tihat trial,
phasic deceleration was greatet on difficult tri~ls. Peak-to-trough change was negatively related to
reaction time in all experiments. The results are discussed in terms of Lacey's intake-rejection
hVpothesi%.

306 Duncin-johnson, C. C., & Donchin, E. The effects of the a pi iori and sequential probability
of stimuli on the esent-reiated potential. Psychophysiology, 1977, 14, 95. (Abstract)

We assessed the relative contribution of two determinants of the expectancy of an
event to the waveform of the event-related potential (ERF) it elicits. A model developed in this
lab (Squirts, Wickens, Squires, & Donchin, in press) assumes that the effects of the a priori
probability of an event and the sequence of the immediately preceding events add linearly to
determine event expectancy. The assessment was done ?t 9 levels of a priori probability, ranging
from .•,to .90instepsof.1O. ln separate series, high (1500 Hz) and low (1000 Hz) tones were
presented to 10 subjects at each level of probability, •,th when the train oi events was
task-relevant and when the subjects were performing an aterriate task to which the tones were
irrelevant. The EEG was recorded from Fp,, F1, Cz, Pnd O.

Visual inipection as well as regression aid Principa: Components analyses of the
average ERPs revealed that the amplitude of the. P300 and Slow Wave components was inversely
proportional to the a priori probabilty of a task-relevant event. The lower the a priori probability,
the larger the P300 complex. Yet even highly probable stimuli elicited a large P300 if they were
immediately preceded by the infrequent stimulus.

To assess the interaction between the effects of a priori and sequential probability,
Stepwise Discriminant Analysis was used to obtain specific measures of the P300 complex for all
second-order sequences (AA, BA, AB, BB). Discriminant scores decreased as a function of
increasing a priori probability for all sequences, but the scores for alternations (BA, AB) were
larger than those for repetitions (AA, BB) by a constant amount at each level of a priori
probability.

It thus appears that the sequence of stimuli preceding an eliciting event and the a
priori probability of stimulus occurrence are additive determinants of the P300 complex.
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300 Dureman, E. I., & Boden, C. Fatigue in stimulated car driving. Ergonomics, 1972, 15,
299-308.

The aim of this study was to assess the effects of four hours continuous 'driving' in
a car simulator on (a) performance (number of steering errors and brake reaction time), (b)
subjective fatigue, (c) pulse rate, respiratory rate, skin resistance and neck muscle tension, (d)
intra-subject correlations between the latter variables and performance over time An additional
aim was ito study these psycho!ogical and physiological measures when arousal was stimulated
by the pairing of an electric shock with steering errors.

To control training effects the Ss repeated the experiment twice. The results showed
that all subjects had a progressive performance decrement over time in parallel with increased
feelings of fatigue. There was also a decrease in pulse rate and respiratory rate. Skin resistance
showed continuous increment over time. Covariations over time between performance variables
and physiological variables were rather high in most individuals; e.g. for pulse rate with frequency
of steering errors, and EMG with frequency of steering errors.

The expectation of an electric shock in connection with steering errors yielded
higher subjective and autonomic arousal, slower performance decrement ovt, ;.ne, and also
lowered variability, both within and between subjects for all the variables recorded.

310 Durrant, 1. D., & Shallop, J. K. Ef ,ectsof differing states of attention on acoustic reflex
activity and temporary threshold shift. Journal of the Acoustical Society of America
1969,46,907-913.

Temporary th, cshold sh:tt (f IS) and acoustic reflex activity were observed in 20
normal hearing subjects under swveral different states of attention. The Zwislocki acoustic bridge
(model 3) was used to monitor acoustic reflex activity. Compliance shifts (changes in reI.tive
compliance, were measured during exposure of the contralatera' ear to a 1000-Hz narrow-band
noise presented at 105 dB SPL, and TTS was measured at 1000 Hz fo)r the contralateral ear after
approximately 4½ min of noise exposure. These measures were taken under three different
conditions or modes of attention as defined by task performance: reverie (no task periorrmance,
high auditory attention), intelligibility test, and high visual attention (visual-motor tasi.). Also,
levels of attention, as operationally defined by levels of task performance, wcre conside| ed. From
the results of this and other investigations it was concluded that there is a so-called central factor
involved in acoustic reflex activity although task performance per se, not type of task, is the
important factor. However, such a factor in TTS, if observed, is probably an artifact of the type
of task performance of the listener.
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311 Dustman, R. E., & Beck, E. C. Phase of alpha brain waves, reaction time and visually
evoked potentials. Electroencephalogrý,ph' and Clinical Neurophysiology, 1965, 18,
433440.

A reaction time study was conducted in'which twenty subjects were asked to respond
to single flashes of light by closing a response switch as quickly as possible. The flashes were
presented during six 1ifferent phase intervals of alpha waves to determine whether reaction times
would be related to alpha phase, thus reflecting changes in cortical excitability.

Reaction times were found to be reliably faster when the stimulus light was flashed
during certain portions of the alpha wave, thus !upporting the hypothesis of an excitability cycle
being related to the alpha wave.

thseco pInked, plots of the resulting averaged visually evoked potentials yie.Jed a complex
wave consisting of eight distinct components in the first 300 msec of the response. Only two of
" these components correlated positively and significantly with reaction time. The peak delay of
the earliest and most highly correlated of the two components was used as a rneasu-.. for the
interval of time required for the volley initiated by the flash to have reached th,.; cortex and the
neural integration necessary for "perception" to have occurred. When the alpha phase during
which the light was flashed was corrected by this amount (57 msec), fastest mean reaction times
were found to fall on a surface negative phase of the wave while the slowest f~ell on a positive
phase.

312 Dustman, R. E., & Beck, E. C. Visually evoked potentials: Amplitude changes with age.
Science, 1966, 151,1013-1015.

Visually evoked potentials of 215 subjecis, aged 1 month to 81 y ars, were studied.
Amplitudes of waves in the first 250 millistconds of the response changed mai Kedly with age. In
responses recorded from the occiput, there was a rapid increase in amplitude reaching a
maximum in ,he 5- to 6-year-old group, with means of amplitudes at this age being about twice as
large as means of some older age groups. With children 7 years and older there was a rapid decline
in amplitude until ages 13 to 14, when an abrupt increase in amplitude appeared. Amplitude
appeared to stabilizt, at about age 16. In older subjects, mean age 60 and beyond, significant
changes were noted in the earlier components of the response.

313 Dustman, R. E., Boswell, R. S., & Porter, P. B. Beta brain waves as an index of alertness.
Science 1962, 137, 533-534.

Reaction times of '-uman subjects are reliably shorter when the signal to respond is
given during spontaneous low voltage, fast (beta) brain waves than they are when the signal is
given during spontaneous alpha waves. The mean difference of 12 milliseconds is, however, trivial
in comparison to the advantage i, -e eexpected from forewarning.
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314 Eason, R. G. Relation between effort, tension level, skill, and performance efficiency in a
perceptual-motor task. Perceptual and Motor Skills 1963, 16, 297-317.

The following results were obtained: (1) Neuro-muscular control decrc .-d linearly
and tension level exponentially a, target area was increased.(2) Neuro-muscular control increased
with each day of practice, the amount of increase being inversely related to the size of the target
being tracked, while the average daily tension level of each muscle remained essentially constant
for each target. (3) Days of practice interacted with target size to affect neuro-muscular control.
As target size was decreased, neuro-muscular control increased then decreased on Day 1,
increased in a negatively accelerated manner on Days 2 and 3, and in a linear manner on
subsequent days. (4) Neck muscle tension alone was found to be as good an indicator of effort as
all muscles combined. (5) An inverted U-shaped relationship was obtained between performance
efficiency and target size. (6) Between-S comparisons revealed no systematic relationship
between neuro-muscular control and tension level, but those Ss manifesting the least degree of
control tended to be the least efficient. (7) Neuro-muscular control deteriorated during a
continuous tracking period. (8) The slope of the tension level function obtained from neck
muscle during continuous tracking was significantly affected by the size of the target being
tracked. (9) Except for the smallest target, performance efficiency increased, then decreased,
during continuous tracking for 32 mrin. There was a progressive decrease in efficiency for the
smallest target. (10) The degree of deterioration in neuro- muscular control which occurred
during continuous tracking was inversely related to the number of days of tracking experience.
(11) During each daily session neuro-muscular control increased from trial to trial while neck
tension level decreased.
315 Eason, R. G., Beardshall, A., & Jaffee, S. Performance and physiological indicants of

activation in a vigilance situation. Perceptual & Motor Skills, 1965, 20, 3-13.

Changes in performance and in 4 physiological measures during a 1-hr vigil and as a
function of signal presentation rate were studied. Based on data obtained from 6 Ss during a total
of 24 vigils, performance (%correct detections) and skin conductance decreased during the course
of a vigil, heart rate remained constant, and neck tension level increased. There was no consistent
tendency for Ss to perform at a higher level when signals were presented at a relatively fast rate
than when presented at a slower rate. However, their performance was differentially affected by
presentation rate. A positive relationship was found between the relative performance level
manifested during the 2 rates (fast rate expressed relative to slow) and the relative magnitudes of
skin conductance, heart rate, and neck tension level. The results were interpreted as supporting
the hypothesis that variations in vigilance performance are in part determined by changes in
activation level.

Lie3



316 Eason, R. G., & Branks, J. Effect of level of activation on the quality and efficiency of
verbal and motor tasks. Perceptual and Motor Skills, 1963, 16,525-543.

The primary purpose of the study was to test an implication of Duffy's
two-dimensional hypothesis that all behavior varies along two independent continua, direction
and intensity. If true, then whether tension level correlates positively or negatively with
performance on a given task should be dependent on whether S directs his attention and effort
primarily to that task, or whether he shares his attention with some other task situation or set of
cues which interferes with performance on the task being measured. Secondary purposes of the
study were to gain further information as to which muscles are the most reliable and sensitive
icdicators of activation level, and to observe the effects of continuous and distributed practice
on performance quality, tension level, and performance efficiency. Sixteen Ss performed a rotary
tracking (motor) task while simultaneously performing a nonsense-syllable memorization (verbal)

* task under four incentive conditions. Incentive was varied to manipulate the amount and
direction of attention and effort directed to each task. The results provided strong evidence that
the relationship between tension level and performance is dependent upon the direction in which
S exerts his effort, as well as its intensity. Performance efficiency, expressed as the ratio of
performance quality to tension level (EMG), varied with incentive, length of continuous work,
and degree of skill. The EMG level of neck muscle was more sensitive to, and changed more
"consistently with, variations in incentive than did that of any of the other muscles from which
recordings were obtained (frontalis, trapezius, and forearm flexors). Frontalis muscle was least
sensitiveto incentive variations. The results suggest that frontalis muscle tension level is not as
good an index of activation leve.l as is that of the neck or of several muscles combined. EMG
gradients observed during continuous performance of verbal and motor tasks were interpreted as
indicative of a progressive increase in activation level resulting from a change in the psychologisal
significance of the task situation as perceived by S.

317 Eason, R. G., & Dudley, L. M. Phsyiological and behavioral indicants of activation.
Psychophysiology, 1970, 7, 223-232. I

The present study demonstrates that various central and peripheral physiological
variables are similarly altered by experimentally induced changes in activation while being
dissimilarly altered during the course of a trial by unknown factors. That is, both general and
specific physiological changes are demonstrated in a single experiment. Activation level was
experimentally altered by having S: (a) react to light flashes under threat of shock, (b) react to
flashes without any such threat, and (c) passively observe light flashes. Evoked cortical potentials,
heart rate, skin conductance, and muscular tension were similarly alhected by these experimental
conditions, but the variables showed differential changes over time. It was concluded that these
physiological processes simultaneously reflect both generalized arousal and directionally
fractionated activity.
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319 Eason, R. G., & Dudley, L.. M. Effect of stimulus size and retinal locus of stimulation on

visually evoked cortical responses and reaction in man. Psychonomic Science, 1971, 23,

345.347.
A study was made of the effects of variations in the size of -, circular light flash

presented to each of three retinal areas on the averaged evoked cortical !, fsponse and reaction
time. Flashes varying in size from 0.14 to 20.63 deg of visual angle were cent.-ed about the fovea
and at distances of 20 and 40 deg from the fovea. Evoked response latency and reaction time
varied inversely with stimulus size and directly with distance from tho., fovea. The initial
deflection of the evoked response increased with stimulus size for all retinal locations. Later I
deflections either decreased, showed no change, or first increased, then decreased with increasing
stimulus size, depending on retinal locus of stimulation. The results were explained in terms of
areal summation and a model of evoked cortical activity which postulatesan alpha-like neural
process momentarily controlled by an "extrinsic pacemaker." A

319 Eason, R. G., Harter, M. R., & Storm, W. F. Activation and behavior. I. Relationship
between physiological "indicants" of activation and performance drnrig memorization of
nonsense syllables using differing induced tension conditions. F'rceptual and Motor Skills,
1964, 19, 95-110.

This is the first of a series ot studies oriented toward determining what physiological
variables constitute the most reliable and valid indices of activation level; what is the minimal
number of variables required to estimate accurately general activation level as well as patterns of
activation, taking into account the activity of both the autonomic and somatic nervous systems;
and how each variable relates to performance under specified conditions. The primary purpose of
this study was to ascertain how four different "indicants" of activation !evel relate to one
another and to verbal performance under different induced tensi(in conditions. Sixteen Ss
memorized 16 5-syllable lists -,f 3-letter nonsense syllables under 16 -Fonditions in a single
experimental session, using a balanced Latin square to control for order effects. The conditions
were generated by variouscombinations, of three independent variables: (1) mode of syllable
presentation (visual vs auditory); (2) method of inducing tension (ifting weights vs squeezing
hand dynamometer); and (3) amount of induced tension (5, 10, 15, and 20 lbs.). Each trial was 2
min long, being followed by 2 min of rest. Orderly within- and between-trial changes were noted
in skin conductance, heart rate, and neck and forearm flexor tension level, but the changes
varied, respectively, among the four variables from deLreasing to inc'ieasing functions. This
gradual transition was explained in terms of the relative degree of contr0! the autonomic and
somatic nervous systems exerted on each of the variables. The decreasir,' functions probab',y
reflect a gradual reduction in the degree of anxiety or apprehensiveness experienced by Ss; the

increasing functions probably reflect an increase in the amount of muscular effort exerted by Ss
in order to maintain a specified amount of force on a hand grip device. Increasing amounts of
induced tension caused performance to deteriorate and caused heart rate and forearm flexor
tension level to increase. The manner in which the syllables were presented and method of
inducing tension significantly affected perfor! 't not the physiological variables.

1I
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3Q0 Eason, R. G., Harter, M. R., White, C. T. Effects of attention and arousa! on visually
evoked cortical potentials. and rea,;tion tCne in man. Physiology and Behavior 1969,4,
283-289.

The comhined effects of general arousal and specific attention on averaged evoked
potentials and reaction time were studied. Arousal level was manipulated by the presence
or absence of a shock threat when the flashes were being presented. Attention was varied by
having S react to flashes appearing in either his right or left visual field while ignore-- flashes
appearing concomitantly but not simultaneously in ýhe opposite field, Potentials evoked under
"high" arousal (threat of shock) were greater than those obtained under "low" arousal. ;.Iso,
reaction times were shorter. The potentials evoked by flashes receiving attention were much
greater than those evoked by flashes being ignored The results indicate that cortical evoIked
potentials are related to both general arousal an6 specific attention. The combint effects of

, increasing or decreasing arousal and shifts in attention toward or away from the evok' . stimulus
determine whether the net change in evoked potential ampi-i,;de will be positive or negative.

321 Eason, R. G., & Ritchie, G. E.fjfects of stimulus set on eary and late components of visually
evoked potentials. Paper presented at the 17th annual meeting of the Psychonomic
Society, St. Louis, November 1976.

The sensitivity of the earlbest discernible deflection (P1), as well as N1, to stimulus

relevancy provides further support for the notion that stimulus set involves a neural feedback
mechanism which attenuates irrelevant visual information prior to its arrival at primary sensory cortex.
Stimulus set appears to involve a neural mechanism whereby some part of the cerebral cortex
(perhaps association cortex) indirectly controls the responsiveness of primary visual cortex by
exerting a tonic centrifugal influence on sensory information charnnels at a subcortical level.
When an irrelevarnt stimulus is presented, the tonic neural inhibition generated by stimulus set
impedes the flow of information to primary visual cortex, and thus the very earliest components
of the evoked response are attenuated. When a relevant stimulus is presented sensory information
flow is unimpeded, and a full fledged response occurs at the cortical level.

322 Eason, R. G., & White, C. T. Muscular tension, effort; and tracking difficulty: Studies of
parameters which affect tension level and performance efficiency. __r__tual and Motor
Skis, 1961, 12, 331-372.

The results of these studies tend to s'ipport the following generalizations. (a) In
highly skilled Ss, whether or not a particular level of tension in a muscle will be. beneficial or
detrimental to the performance of a perseptual-motor task, or to a mental task for that matter,
seems to be dependent on the factors which induced the tension. If, for example, the tension
prir.%-iAy reflects the amount of effort being directed to z particular task, it will probably be
beneficial to the performance of that same task. If, however, -he tension primarily reflects effort
which is being directed to a second task, then it may be detrimental to the performance of the
uirst. An exception to this would be when the second task does not demand enough effort or
attention to be distracting, yet the activity associated with it zias a stimulating (alerting) effect o,
the individual and "prepares" him for the first task.

(b) The surface EMG may be potentially useful as a means for monitoring the
amount of effort one exerts while performing tasks in field situations such as typing, driving a
car, flying a helicoprer, or operating any kind of machine. Once the relationships which exist
between EMG level and performance at a particular task nave been reliably established for a given
individual, it may be possible to predict his performance in the immediate future by noting
trends in EMG level. Such a predictive device could be extremely useful in applied situations
where a decrement in performance might he injurious either to the operator or to others.
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328 Edwards, B. R. Pupillary size ýh~a_ dqrig informnation prcessing overload. Unpublished
master's thesis, Na-al Postgraduate School, Monterey, Calif., 1972. (DDC No. AD-743 754)

Pupillary size changes were investigated during a one-bit and two-bit information
processing task. For an information processing task, a random list of the digits two and three
and a random list of the digits one, two, three, and four were presented visually on a digital
readout by means of a paper tape reader for a one-bit and two-bit task, respectively. The subject's
required response was to depress a pushbutton switch corresponding to the digit presented on the
digital readout. For both the one-bit and two-bit tasks, pupil diameter increased with an increasing
information processing rate, reached a maximum at maximum information processing capacity,

and rapidly constricted as maximum information processing capacity was exceeded.

324 Edwards, D. C. Psychophysiological patterning to psychological processes. Perceptual ,
Motor Skills, 1968, 26, 405-406.

A further demonstration of differential direction of heart rate change in response to
perceptual and cognitive serial tasks in 10 male students supports the findings of previous
researchers.

325 Edwards, D. C., & Alsip, J. E. Intake-rejection, verbalization, and affect: Effects on heart
rate and skin conduct.rnce. Psychophysiology, 1969,6, 6-12.

Visual tasks judsed to require stimulus intake or rejection were accompanied by
instruction to verbalize or not to verbalize as they were presented to 20 male undergraduates.
Heart rate (HR) and skin conductance measures indicated that: (1) J. I. Lacey's directional
fractionation occured to intake stimuli rated pleasant and unpleasant; (2) an instruction to verbalize
following the task increased HR within the limits of a supposed ceiling etfect, removing evidence
of directional fractionation; and (3) there was no direct relationship between the measures
and rated affect. Previous conclusions were examined in relation to these findings.

326 Edwards, D. C., & Alsip, J. E. Stimulus detection during periods of high and low heart rate.
Psychophvyioly, 1969, 5, 431-434.

Tested Lacey's suggestion that elevated heart rate (H R) and blood pressure could lead
to decreased sensory sensitivity and a reduction in HR and blood pressure may facilitate sensory
sensitivity. Ss were 11 male undergraduates. A tone of S intensities encompassing Ss intensity
threshold was presented iandomly 25 times under low transient HR. Results indicate no difference
in the number of correct detections under high and low and no interaction between HR level and
tone intensity. It is concluded that low HR may well be a necessary condition for increased
sensory sensitivity, but that it is not a sufficient condition. Discussion is directed to the range of
possible HR changes and the possible requirements of the sensitivity mechanism.

J
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327 Elias, M. F. Heart rate, skin potential respuose, and latency of overt response, as indicators
of problem recognition and solution. Psychonomic Science 1970, 18, 337-339.

Studied heart rate, skin potential, and response latency in relation to the recognition
and solution of problems by 18 high-school students. A continuous series of rule-induction
problems was presented without any pause between problems. The problems were sequentially
related in that each new problem demanded a refinement of the rule just induced for the
preceding problem. Increases in skin potential and response latency occurred when new problems
were introduced, and decreases in the same measures were found when they were solved. Heart
rate was not indicative of recognition or solution of problems. When events during trials -
stimulus, response, feedback - were looked at separately, the events of stimulus onset and
response were associated with significant increases at recognition. Only the feedback event was
associated with a significant decrease at solution. It is sugg'sted that these changes indicate a labile
state during which problem solving occurs.

328 Elliott, R. Physiological activity and performance: A comparison of kindergarten children
with young adults. Psychological Monographs: Gtneral and Applied. 1964, 78, (10, Whole
No. 587)

Twenty-one young adults and 41 kindergarten children performed repeated blocks
of trials of simple auditory reaction time (RT), sometimes for incentives, sometimes not, while
EEG and other physiological responses were recurded. Children differed from adults in that they
manifested: (a) no covariation between quality of performance and level of physiological
activity; (b) far lower intra-individual correlations between one physiological response and
another; (c) no adaptation over the session; (d) far weaker relations between preparatory
(interstimulus) intervals and RT; and (e) increases, rather than decreases, in the amplitudes of the
various EEG frequencies with increasing motivat*on and physiological activity. These differences
were considered in the light of certain important similarities in response between the children and
various groups of adults.

320 Elliott. R. Reaction time and heart rate as functions of magnitude of incentive and
probability of success: A replication and extension. Journal of Experimental Research in
Personality, 1966,1, 174-178.

A modification and replication of a previous study on the effects of probability of
success (PS) and magnitude of incentive (MI) upon heart rate (HR) and reaction time (RT) makes
possibk the Following conclusions: The method of establishing PS is flexible, accurate, ani
convincing to S; effects of MI and PS were very weak on HR; they were significant on RT,
changing in nature over the ten experimental days; and no lawful relation existed between RT
and HR.
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330 Elliott. R. Tonic heart rate: Experiments on the effects of collative Variables lead to a
hypothesis about its motivational significance. Lou!rnal of Person aldiy and Social
Psycholouy, 1969,_2, 211-228.

Five experiments assessed ihe efiects of conflict and uncertainty on tonic heart rate
(HR) in a variety of situations, including comparisons of having versus not having control over an
escape response fiom shock, making easy versus hard tone discriminations, naming colors or
reading names of colors versus naming the hue of an incompatible color-word (Stroop test), and
performing in a reaction-time task with' predictable versus unpredictable preparatory intervals.
"These collative variables either had no effect on tonic HR or they had an effect (deceleratory)
opposite to expectations; but response factors and incentive factors had strong a-,celerating
effects. A hypothesis is stated to the effect that under the usual boundary conditions of the
psychological experiment, the critical features controlling tonic HR acceleration are the
instigation, anticipation, and initiation of responses, and the presence of incentives. Studies are
reviewed in which "emotionality" was present but in which no rise in tonic HR occurred unless
either of the two features was present. Other studies are reviewed in which both HR and palmar
conductance (PC) were used, and a hypothesis about the difference in their motivational
significance is suggested.

331 Elliott, R. The significance of heart rate for behavior: A critique of Lacey's hypothesis.
Journal of Personality and Social Psychology, 1972, 22, 398-409.

Lacey's hypothesis concerning cardiovascular feedback effects on attention is
presented. Relatively direct tests of the hypothesis seem not to support it well. Its term!, appear
to lack sufficient independent definition to permit discriminating interpretive use. An alternative
is to view heart rate change, like change in motor behavior, as a response, and one hypothesis that
does that, chiefly identified with the work of Obrist, is presented for illustration and contrast
with respect to measurability, definition, and parsimony.

3M Elliott, R. Further comment on the Lacey hypothesis. Lournal of Personality & Social
Psychology, 1974,.0, 19-23.

Responds to reply by J. I. Lacey and B. C. Lacey to original criticism ot theit
hiypothesis of heart rate behavior. The main theoretical and empirical issues are again dra';.
Some of the Laceys' assertions are denied, and some of their charges answered. !he
Son sid,Žrations and arguments advanced by the Laceys in their reply are not sufficient to wwaant
any change in the conclusions of the original critique [Article also reviews the rt'.k:*onship
between heart rate and attentionJ.

IA
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333 Elliott, R. The motivational significance of heart rate. In. P. A. Obrist, A. H. Black, J.
Brener & L. V. DiCara (Eds.), Cardiova.vular Psvchophysiol...o-.: Current issues in response
mechanisms, biofeedback, and methodology. Chicago: Aldine, 1974.

To be sure of this independence of deceleration and speed, we assessed the RTs
.cicompanying the largest and smallest HR deceleration in each condition: e.g., 4-second, random,
low inLentive; 4-second, fixed, low incentive, and so on. in each major group there were, thus, 10
comparisons for each S. Of the 20 dependejit t-tests, only two were significant, but these were in
opposite directions. It would be difficult to argive from these data that deceleration had much to
do with performance.

There .'re in these data, in short, grounds for skepticism about any view of the
motivational significance of HR. The data at the phasic level are compatible enough with the
cardiac-somatic view. And the difficulties at the tonic level may be primarily a problem of
restriction of range and error of measurement. That is, the average excursion of HR and
movement measures in the phasic intervals was greater than in the tonic intervals, except in the
one instance - comparing the ordinary rest periods with the "quiet" condition - in which the
tonic imieasures covaried quite well. And, of course, we cannot szy we have sampled somatic
actiN ity adequately. But I would feel more content if we had produced large incentive shifts
in HR.

In the meantime, and as a conclusion, it may be worth considering that the
cardiac-somatic hypothesis, to the degree that it is sound and comprehiisive, makes HR changes
relatively uninteresting to the psychologist. If HR does, as Obrist ft aL. (1972aj have suggested
"provide in one -"uscle a picture of the total somatic involvement at any given time," it is a
picture too simp '• for use by most psychologists (although to check whether one's S is resting
during rest, or generally involved during tasks, a summary index would be useful). The heart has
few direct effects on the environment, and it is not the totality, but the particularity of striate
muscle activity that most of us are concerned with most of the time. If HR is not, in short, a
good index of classically conditioned effects and motivational-emotional effects, independent of
somatic effects, much of our interest in it will diminish. For me, that is all the more reason to
test the iimits of 6he cardiac-somatic hypothesis.

334 Elliott, R., & Graf, V. Visual sensitivity as a function of phase of cardiac cycle.
Psychophysiology, 1972, 9, 357,361.

After preliminary threshold determination, each ef 25 Ss was given 120 trials (24
blank, 96 signal) in a visual signal detection task, with signal presentation being recorded with S's
EKG. There was no relationship betweefi hit rate and phase of cardiac cycle whether assessed
over four measured phases, or as the difference in hit rate for signals presented either in the
P-wave or the QRS complex. Implications for theory are discussed.
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33 Ellis, R. R. The CNV phenomenon and selective attention. Electroencephalography jot
Clinical Neurophysiolo y, 1969, 27, 664. (Abstract)

The CNV was first developed or extinguished to the "cue stimulus". Each subject
served as his own control and order of CNV presence or absence was counter-balanced. In 1/3 of
the subsequent trials one of the 3 "test stimuli" was superimposed upon the "cue stimulus" 500 msec
after the onset of the "cue stimulus".

A significant (P40.05) increase in amplitude of a surface positive vertex wave
approximately 180 msec fdltwing the "test stimulus" occurred during the presence of the CNV
as compared with its absence for the group in which the test stimulus was a 500 c/sec tone of
increased intensity. No significant changes in vertex responses were found in the other 2 groups.

The fact that the ER change is specific only to the "t-st stimulus" of identical
quality to the "cue stimulus" is consistent with a selective attention process and inconsistent
with predictions derived from general arousal or response mobilization hypotheses.

33 Ellis, R. R. Attention, intention, and the contingent negative variation phenomenon
(Doctoral dissertation, University of Nebraska, 1970). Dissertation Abstracts
International, 1971,31, 5018B. (University Microfilms No. 71-2882)

Two experiments aimed at elucidating the relations between attention, intention and
the Contingent Negative Variation phenomenon, were done. One experiment deals with the
relationship between the CNV and selective attention. High and low CNV amplitude was the
independent variable. The CNV was manipulated by having the S press or not press a thumb I
switch at the offset of a 500 Hz 36 db tone of 1000 msec duration (the "cue stimulus") A "test
stimulus" was superimposed on cue presentations. There were 3 dependent variables: (1)
amplitude of a late component of the vertex potentiaL changes evoked by the "test stimulus", (2)
a rating scale of attention to the cue stimulus, and (3) response speed to the offset of the cue
stimulus. Eighteen male university students were assigned to 3 groups who received test stimuli,
differing from the "cue stimulus" on dimensions of: (1) intensity, (2) quality (frequency), or (3)
modality (visual flash). It is concluded that the EP and response speed data converge on thv
expianation that the CNV is related to selective attention. The purpose of the second experimnt
was to demonstrate a relationship between the CNV phenomenon and the intensive aspects of
attention and intention. The CNV was developed by presenting a 500 Hz 36 db 100 msec !one
(SI) followed 1000 msec later by the onset of a complex visual stimulus (S2) to which the S
made a response. S2 remained exposed until 500 msec after the responses. Two levels ol"
attention were produced by presenting focused and untocused slides (S2) Intention was
manipulated by requiring the S to press a switch which offered 3 markedly different degrees of
resistance to swich movement. Data were obtained from each of 12 university students under a'l
combinations of attention and intention conditions. The response latency and the questionnaire
data led to the conclusion that intention and attention had been varied. The amplitude of the
CNV was found to be significantly larger, during S2 presentation, when the Pictu; ýs were focosed
than when they were blurred. No other differences occurred. It was concluded that only thw
intensive aspect of attention is reflected in the CNV measure.

It was suggested that intei.sive attention might be intimately related to selective
attention as well as the environment as a whole.
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337 Elul, R. Giussian behavior of the electroencephalogram: Changes during performance of
mental task. Science, 1969, 164, 328-331.

The probability distribution of the amrtpiuý:e of scalp electroencephalogram has
been investigated in an adult subject in the idle state, and during performance of a mental
arithmetic task. Based on a large sample, the electroencephalogram in this subject in the idle state
follows a Gaussian (normal)probability function 66 pe.Cent of the time. During performance of
the arithmetic task, the portion of Gaussian electroencephalogram decreases to 32 percent. The
probability function characterizing gross electroencephalographic activity is determined by the
degree of mutual interaction of individual cellular ger,'.rators and wave activity in the tissue under.
neath the recording e:lectrode. The data imply an-inc•-ase in the cooperative activity of cortical
neuronal elements during performance of a mental tas,,
338 Engel, B. T., 1 horne, P. R., & Quilter, R. E. On the relationships among sex, age response

mode, cardiac cycle phase, breathing cycl,, phase, and simple reaction time. lourna! of
Gerontology, 1972, 27, 456-460.

The findings in this study are essentially negative. They are:

There is no evidence of any significant tendency of individuals or groups to emit
* RTs which are in any way determined by the electrical events of the cardiac cycle.

RTs tend to be longer during expiration Lhan during inspiration; however, this effect
is most likely attributable to coincident diff .',rences in foreperiod (preparatory interval) duration
rather than to breathing cycle per se.

Men between the ages of 55 and 65 years do not necessarily emit RTs which are
slower than men between 20 and 30 year_. The differences between comparably aged women are
significant; however, the differences cannt be exclusively attributed to chronological age or to
sex (Aince 20- to 30-year old women are no slower than 20- to 30-year-old men).

When other factors are controlged, response mode, i.e., ke-, -press vs. key-release, has
no effect on RT.

These results show that there i o relationship between RT and phase of the cardiac
cycle, phase of the breathing cycle, or age U¢• r conditions of this .tudy. Althotgh we controlled
a number of variables, it is possible that other fa:tors which we did not control may mediate any

of the.- relationships. In subsequent studies we plan to investiSg.te the effect of such factors as
fatigue and inter-trial interval on RT.
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0 Engel, P., & Hilderbrandt, G. Uber den Einfluss der Vigilanz auf die Phasenkoppelung
zwischen Herzschlag und Atmung. I The influence of vigilance on the phase coupling
between heart beat and respiration.1 PNchologisc!le B e, 1973, 15, 77-86I

Coriducted an experiment with 22 male and 10 female 19-41 yr old healthy Ss to
examine the phase coupling between heart beat and respiration as an indicator of the leve! of
vigilance. Es measured the reaction time to an acoustic signal, the rate of phase coupling between
heart beat and inspiration start before and after the administration of caffeine. Measurements
were taken by the automatic coincidence measuring instrument Synchromet in about 2/3 of the
Ss and by way of continuous synchronous EKG registration in the rest. Both methods recorded
the elapsed time between the preceding R.peak and the thermoelectrically established start of
inlspiration. Results show tha, caffeine effected a paiallel decrease in reaction time and coupling
rate but no specific modifications in the distribution pattern of inspiration starts within the
cardiac cycle. It is concluded that measuring the rate of phase coupling (a) does not place any
special performance requirements on Ss and thus does 11ot influence vigilance itself and (b)
therefore it appears to be a valid method (t judging the level of vigilance.
3 , Epstein, S., Boudreau, L., & Kling, S. Magnitude of the heart rate and electrodermal

response as a function ot stimulus input, motor output, and their interactior,.
Psychophysiolog., 1975, 12, 15-24.

In Part I, '20 Ss squeezed a dynamometer at various levels of capacity. Heart rate and
skin conductance were monitored during the anticipatory period and during each squeeze. In
Part I1, reactivity to the four combinations of the presence and absence of a loud noise and the
presence and absence of a strong squee/e was examined. Part III compared reactivivity to the
loud noise under the following conditions: as an unfamiliar, surprise stimulus; as a familiar,
surprise stimulus; as a familiar, expected stimulus. Major conclusions were: (1) Heart rate varies
more directly and reliably with motor output than skin conductance; (2) Skin conductance is
more sensitive to small cognitive than to small motor effects; (3) Skin conductance is more
reactive to stimulus input than to motor output, while the opposite is true for heart rate; (4) A
strong familiar stimulus presented by surprise elicits a marked heart rate decelerative reaction,
usually, but not always, preceded by a smaller ac-elerative reaction; (5) Baseline chinges
immediately preceding stimulus onset markedly affect the response to stimulatioi., and can
account for the attenuated reactions observed when a noxious stimulus is preceded by a warning
signal.
341 Ettema, j. H. Blood pressure changes during mental load expe;inents in man.

Psychothera and Psychosomatics, 1969, 17, 191-195.

Several experiments are discussed showing an increase in systolic and diastolic blooc.
pressure as a function of the amount of information handling per time unit.

In short-term experiments, this rise in blood pressure is rot very impressive and
remains within the normal physiological range. There are some indications, however, that
prolonged intensive mental load induces a more important increase in blood pressure.

Increase in blood pressure, together with changes in other physiological phcnomena
such as heart rate, sinus arrhythmia, etc., indicate that mental load may alter the level of activity
of the autonomic nervous system.

In the experiments, an auditive bin.,ry choice task (high or low tone in rarndom
sequence and of differing frequency to be answered by piessing a right or a left pedal) was used
to evoke mental load.
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349 Ettema, j, II., & Zielhuis, R. . L hvstologiha•. ararnt't•i• •)o nintal load. Lrgonomic,
1971, U-,137-144.

Discusses the essential aspects ol the tirms "load" and "a,;ia• " as used in work
physiology, as being valid for mental load in the to1llow11inL, W,W.,! (Al the question of the
physiological costs (biological con'equences) of a glWin pe',torrilanCe; (h) external load to be
measured in units of performance/time (signal%,'timn', Ohoittre/tire)' (c) capacity, dependent oln
time of endurance; (d) physiological (har,•cs ),,iela•tn•g \%ith h1had; and (e) pathologhial
symptoms due to extreme load. An experiment with '24 Mf-2, yi Old %tudednts is discussed, where
a simple binary choice task is used with sevcral frtitieniwies of signals to be ianswered, thus
providing different loads. Systematic changes \ece found in heart frequency, sinus arrhythmia,
systolic and d'astolic blood pressure, rate of respiration, etc. It is suggested that these changes
are due to a simultaneous rise in sympathetic and in vagal tone.

SEvans, C. R.,&Mulholland, T. B. Attention a•s a koncept in neurophysiology. Science,
1969, 106,495-4%.

Reviews findings of a conference on I neii ,phl siol,,gical aspecls of the psychological
concept of attention. Issues examined includeh (a) telationt ot visual contiol systems to EEG
occipital alpha rhythm, (b) evoked responses, (c) the rol" oft the reticular activating system in the
acquisition of CRs., and (d) habituation of response from single cells in brain and behavioral
reactions.

344 Evans, C. R., & Smith, G. K. Alpha-frequency of 'elctroenccephalogram and a stabilized
retinal image. Nature, London, 1964, 20.1, 303-104.

It therefore seems evident that the suppression of alpha is related to the presence of
a pattern in the visual field, How closely this is linked to "'itt'ntin pheno.tli.,a is nol clear,
though it should be mentioned that the key pressing task, wnli'h mig,!ht conceivably be expected
to inhibit alpha somewhat was deliber.itely conlined io the basic expo',inental c ondition (that is,
the subject pre.sed the key when the target was absent). (In fact, pilot ilvestigations had
indicated that the muscular act of random key-pressing did not seem to affect alpha in any
obvious way. Typically in the experimental sessions, the key was depressed onvy four or five
times in a 4-mmn run.) The role of 'attention' in relation to pattern perception cannot, of course,
be established from a preliminary investig.ition of this kind. Nevertheless, since the subjitcts' eyes
remained closed in all three conditions of the 'xperiment, and since in all conditions the visual
input did not change after the single initial flash, it now seems to be certainly established,
perhaps for the first time, that neither of these two v.iria•hles plays a vital part in the promotion
or suppression of alpha. Rather, the independent inmportance of signals that define contours,
boundaties and possibly 'shape' seems to be demonstrated.

345 Evans, J. F. Resting heart rate and the effects of an iicentive. Psy.conomic Science, 1972,
26099-100.

Oie purpo-ý of this study was to determine whether an i it entive such as
competition would cause increments in Ithe pertorranci (i S; with low resting heart rates and
decrements in the performance of Ss with high re"Oin- heart rates. Another purpos( of the study
was to investigate further the hypothesis that an incr•eas in incontive ik a..orn panied by an
increase in heart rate. Uhe results supported the h1l, ,l, l t 1i1n lnlweas.e in inc'ntive is
ac:ompanied b-y an increase in heart rate and also india-ted, that the r,.lationship between
incentive and hearO rate is not affected by resting, heart rat level. No IertOOrmance differences
were found.
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. Fagerstrom, K. 0., & Lisper, H. 0. Effects of listening to car radio, experience, and
personality of the driver on subsidiary reaction time and heart rate in a long-term driving
task. In R. R. Mackie (Ed.), Vieilance: Theory,ojperational performance, and physiological
correlates. New York: Plenum Press, 1977.

An attempt to counteract performance decrement in long-term car driving was
undertaken. Twelve subjects drL. 'e 4 hours in each of the three conditions, music, talk, and a
silent control condition. Reaction time and heart-rate were recorded during driving. There was a
Lgnificant main effect of stimulation on time on task and significant interactions between time
on task and personality (Eysenck Personality Inver tory) and drivers experience. Extroverts
benefited more from stimulation than introverts, and inexperienced subjects benefited more from

stimulation than experienced. Heart-rate had no fuinctional connection to either of the above
mentioned factors. The results are explained in the framework of an ar,,osal theory and
contrasted to a fatigue interpretation.

347 Fedlo, P., Mirsky, A. F., Smith, W. J., & Parry, D. Reaction time tnd EEG activation in
normal and schizophrenic subjects. Electroencephalography and Clinical Neur~physiology,
1961, 13,923-926.

1. Normal and schizophrenic subjects of similiar age and I. Q were compared on a

series of reaction time tasks.
2. EEG from scalp electrodes was monitored during the testing and served to

deiermine when stimuli were presented to the subject.

3. Although the groups did not differ in speed of rea, -'n when alpha activity was
present, the normal subjects improved when alpha was blocked I,, .-to alerting stimulus while the I
schizophrenics failed to improve or even performed more slowly.

4. The relationship between behavioral and electrographic measures of arousal, and
the possible significance of the findings were discussed.

348 Fedor, J. H., & Russell, R. W. Gastrointestinal reactions to response-contingent stimulation.
Psychololical Reports 1965, .1_. 93-113.

Nineteen student volunteers served as Ss in a research design based upon the use of
each S as his own control. Continuous electrophysiological recordings of gastrointestina! activity
were taken from surface electrodes on the abdomen of each S during an initial 1 5-min rtst period
and an immediately subsequent 25-min task period. During the task period S could avoid an
aversive auditory stimulus if he pressed a key at the proper time intervals; the task was
sufficiently difficult that successful avoidances for different Ss ranged fron, an over-all ,
72% with a mean of 44% for the group as a whole. The resulting data made it possiblt to ,
the differential reactions of the gastrointestinal system on successful and unsuccessful trials whLU
the cccurrence of the aversive stimulation was always response-contingent, i.V., under the
potential control of S. Three parameters of the electrophsiological rnanife•tations of
gastrointestinal activity were studied: amplitude, displacement, and peak response time.

ISO . i1so !



340 feigenberg, I, M., & Ivannikov, V. A. Vzaimootnoshenie usluvnoi i orientirovochnoi
re-iktsii. [The rcuationship between the conditioned and the orienting responses.] Vopro
Psikhologii, 1969, 15, 39-47.

Analysis of response in disjunctive RT experiments and of associated EEG and EMG
recordings lead to the conclusion that the orienting responses and CRs mark the ends of the same
continuum. When the stimulus situation is uncertain, the orienting response is strong; when,
uncertainty decreases, as in the course of repeated UCS-CS presentations, the orienting response
decreases and the CR grows stronger. The latter is a response to a situation of high predictability.

3i5O Fenwick, P. B. C., & Walker, S. The effect of eye position on the alpha rhythm. In C. R.
Evans &T. B. Mullholland (Eds.), Attention in neurophysiology. London: Butterworths,
1969.

This effect is difficult to e plain in terms of current physiological theories about the
generation of the aloha rhythm and present neurophysiological -oncepts of attention. It would
be expected that the effort and concentration required to ma.intain the eyes in the extreme
"position would effectively block the alpha rhythm. The paradoxical effect which has been
described contradicts this. A possible explanation is that the induced alpha rhythm only occurs
when visual information is limited, as for example, on closing the eyes. ihis, however, will not
explain the present result, because it can be shown that the alpha rhythm can still be evoked in
the absence of visual information, as when t:e eyes are closed, or when the eyes are open in a
completely darkened room. Added to this there is the evidence that the induced alpha rhythm I
remains unaltered when the eyes are open and the subject is redJirig a card or scanning a visual
after-image.

A tentative model can be suggeste I which uses the old idea of a pool of cortical cells
which, when synchronized, produce the alpha rhythm as measured on the scalp. This pool can
however be modified by several factors, some of which are central. Using this model, the concept
of attention wouid be a centrally acting influence. Eye position has now to be added to this list,
and the suggestion is that in extreme eye positions in some subjects, the central pool of neurcies
becomes free and synchronizes to produce an alpha rhythm. This could occur for two rerzsons.
Firstly, because the act of maintaining the eyes :i the extreme position causes a shift of attzntion
from the visual field, or secondly, because the act itself in some way causes a modification of the "
central neurone pool. This phenomenon underlines our lack of understanding of the mechanisms
responsible for the generation of the alpha rhythm and suggests as Mulholland and Evans have
done that there is considerable danger in using the alpha rhythm indiscriminately as a measure of
the psychological state of an experimental subject.

3151 F( iiz, W. D., & Graig, J. G. Autonomic arousal and performance during sixty hours of sleep
deprivation. Perceptual and Motor Skills, 1972, 34, 543-553.

-he paper reports the performance on 6 tests of the battery used by Reitan designed
'o evaluate brain dysfunction, as well as autonomic arousal measured by heart rate and basal skir,
condulctance, for 12 Ss during 60 hr of sleep deprivation. Twelve control Ss were tested at equal
intervals without sleep loss. The nerformance on the psychological tests remained unimpaired
during the early phases of sleep loss while heart rate and skin conductance increased; the deficit in
performance became evider't in the last phase of the deprivation period when heart rate and skin
corcductance declined.
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352 Fernandez-Guardiola, A., Ayala, F., & Kornhauser, S. EEG, heart rate and reaction time in
humans: Effect of variable vs. fixed interval repetitive stimuli. Physiologly and Behavior,
1968, 3, 231-240.

Visual motor reaction time (RI) change was measured in 12 normal adults exposed
to iterative, prolonged, photic stimulation of two kinds: (a) isochronous (IS) and (b) stochastic
(SS). EEG, EKG, eye and palpebral movements were continuously recorded. The mean RT for all
stibjects was shorter for the IS situation. Stochastic stimulation produced an increase in RT
variability. A facilitation of thle monitoting task performance during the first 2 min of IS
stimulation was observed. It was found that monitoring task performance was positively
correlated ,dth the amount of alpha rhythm in the EE.-, record. A "predictive", brief,
attenuation of alpha rhythm appeared when the subject's monitoring task was maintained at a
good performance level. It is assumed that this ;s a sign of expectancy. Deterioration of the
monitoring task performance was accompanied by a decrement of the EEG photic driving
response and slowing of heart rate. These results are discussed in relation to sensory habituation
and to the internal appreciation of time.

3s3 Fioreitini, A., & Maffei, L. ElectrophysiologicAl evidence for binocular disparity detectors
in human visual system. Science, ! J70, 109 208-209.

Evoked potentials have been recorded from humans in response to two movin,,
gratings presented stereoscopically to both eyes. The amplitude of the evoked potential isgreater
when the two gratings have slightly different spatial frequencies, which produces an apparent
inclination of the binocularly fused image. The amplitude of the response is correlated with the
degree of the perceived inclination.

354 Firth, P. A. Psychological factors influencing the relationship between cvrdiac arrhythmia
and mental load. Ergonomics, 1973, 16, 5-16.

Ex•.mines the development and use of cardiac arrhythmia as an index of mental
workload in ternis of the relevance of autonomic response to the measurement of task difficulty
and the implicaA.ions of general principles of psychophysiology to the application of cardiac
arrhythmia as an applied measure. In addition, the complexity of the psychological factors which
may influence task difficulty is discussed with particular reference to second-by-second changes
in heart rate variability. It is suggested that (a) the usefulness of global concepts of task difficulty
(e.g., mental load) may be questionable; and (b) a greater understanding of what a task entails,
with reference to increased psychophysiological knowledge, is necessary in order that global
changes in cardiac arrhythmia may be interpreted in relation to task difficulty.
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355s Fischgold, H., & Schwartz, B. A.A clinical,electroýncephalographic and polygraphic study
of sleep in the human adult. In G. E. W. Volstenholme & M. O'Connor (Eds.), The nature
of sleep. Boston: t.ittle, Brown, 1960.

(1) Human adult sleep is studied here by means of FEG and by as varied polygraphy
as is possible.

(2) Simultaneous recordings of a sensory stimulus t), f a iliptor response
(agreed between observer and subject), and of the EEG have made•!t p,.ssible%• )apprai'e the
"conscious presence" of the sleeper, or the "loss of contact" with the' outer wor. 1. A teml-orary
sensory-motor link is thus used as a test for the study of wakefulness and sleep.

(3) The sensory-motor link is lost and instructions are no longer carried out during
Loomis's stage C (Loomis, Harvey and Hobart, 1937); the sensory afferent stimulation is
therefore divested of its previousiy-learnt significance during this stage of sleep.

(4) The possiblity of a motor response, tihe persistence of the learnt sensory-motor
link, is accompanied by alpha activity as a background rhythm or a form of reactivity. The
significant afferent impulses are therefore positively correlated with the alpha waves.

(5) EEG reactivity of the K complex on "pointe au vertex" typ;. Vevr~ists after tile
motor resporse has disappeared. These reactivity patterns, unlike alpha was5es5 ̀ o n )t contrilbute
to the carrying out of the instructions learnt, but reflect, rather, the arrival in the brain of 01e
neutral afferent impulses.

(6) A "second degree" vigilance therefore exists during the state ot falling asleep
(Held, 1960) (stages A, B and sometimes C), a vigilance which ensures contact possiblities between

'che sleeper and the outside world.

(7) In view of the fluctuations of wakefulness, body movements and the tonus of
the various muscular sectors are differentiated. Ii is now difficult to consider muscular
facilitation or inhibition as global manifestation.- a spatial, temporal and qualitative
differentiation must be made; the centres regulating n.otricity seem to be particularly complex.

(8) Finally, the problem of the quantitative expression ot the EEG sleep data
obtained by frequency analysis and integration methods is mentioned.
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356 Fishbein, E., Pampu, E., Popescu, I., & Koflen, M. Aspecte electroencefalografice ale
aplicarii probei mlxte de determinare a oboselii intelectuale. (Some EEG aspects obtained
by a joint test to demonstrate intellectual fatigue.] Revista de Psiholog! , i965, 11,
375-386.

In applying a joint test under laboratory conditions (utilized by us in the past, but
under nonexperimental work conditions: school, professional activity), we obtained a new
verification of the following, including the hypothesis upon which it is based: tracing intellectual
fatigue is achieved in particular by tracing variations of a secondary peripheral element o, the
activity, the process of compensation consisting of concentration of efforts in the principal
directlo.i of the activity. EEG recording done immediately before and after applying the joint
test brought in evidence, in particular, a decrease in alpha index (both following three hours of
work and upon application of the test itselt), somewhat of an increase In the alpha rhythm
amplitude, and the occurrence in some persons of a theta wave. EEG recording done immediately
after completing an intensive Intellectual activity denotes a probable increase in srbral -

excitability.

The joint test used by us, although of short duration, causes an effect of the same
type as that caused by a prolonged intellectual tusk.

3a7 Fitzgerald, H. E., & Allen, T. W. Effe,,. o. circadian rhythms on autonomic functioning
and its relationship with performance. Psychophysiology, 1977, 14, 93. (Abstract)

The effects of biological rhythms on the relationship between autonomic
functioning and performance have been the subject of recent research. Although Some studies
have shown circadian changes in heart rate (HR) activity, the relationship between HR activity
during various phases of the circadian cycle and performance has not been examined. The
purpose of the present study was to investigate changes in HR activity, perfornance, and their
relationship during selected phases of the circadian cycle. Twenty subjects were assigned to each
of the following conditions: a) a pre-low HR activity group, b) a low HR activity group, and c) a
post-low HR groo0p. Ten subjects were tested using a simple reaction time (RT) task with a fixed
warning interval. The remaining subjects were tested using a RT task with a vatlable warning
interval. Dependen-: variables were RT, magnitude of HR deceleration, and HR vari?.nce (HRV).
Subjects ir. the low HR activity group produced the slewest RTs while subjects in the post-lw
HR activity group produced the fastest RTs. Magnitude of HR deceleration and HRV was
smallest for subjects in the low HR activity group while largest for subjects in the post-HR
activity group. A significant iclatlonship was found between the deceleration and variability
aspects of HR activity and RT performance for subjects in the ýow and post-low HR activity
groups only. The findings indicate that circadian rhythms should be viewed as providing a
physiological context which interacts to Influence the nature and magnitude of phasic antd tonicautonomic activity.

38 Fitzgerald, H. E., & Porges, S. W. Cardiovascular effects of paced rtspiration and selective
attention. Psychoiiomk Science, 1970, 19, 6S-66.

Investigted the effects of paced respir'ation (PR) and attentive observation (AlT)
on heart rate (HR) and finger-pulse amplitude (FPA) in 16 female undergraduates. Although HR
responses to trial onset were task dependent, accelerating fo: Group PR and decelerating for
(_;rop ATT, temporally conditioned antficipatory HR deceleration was obtained across tasks.
Across trials, HR decelerated anid FPA dilated, indicating autonomic habituation to the
experimental conditions. Methodological impiications for paced respiration research and FPA
a.nalysis are discussed.
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3s Field, S. P. Motor response and muscle action potential in the measurement of sensory
threshold. Psychophysiology, 1965, 1, 277-281.

There was a significant improvement in the accuracy of detection of visual stimuli at
or below Ss' thresholds when detection was meas.ured overtly by gross muscle movement
responses and covertly by musclc action potential (MAP responses, as opposed to overt responses
alone). In addition to yielding a lower threshol valve for the series of light stiumuli, the MAP
measures became more useful as an indicator of accuracy at the weaker rather than the brighter
light values, whereas the overt responre mneasiires became relatively less useful. These results
suggest that events of which the S is "imawa•e" (covert responses) can convey information about
performance to an E, providucd suitable melhods of measurement can be devised.

360 Flanagan, J. Galvanik skin response: Emotion or attention. Pr ceedings of the 75th Annual"Convention of the American Psychological Am__ iin, 1967,2, 7-8. (Summary)

Present results indicate that the coticept of attention is a better intervening variable
interpretation of GSR than is the concept of emotion. Experienced GSR researchers have
repeatedly indicated this conclusion. However, those interested in personality have continued to
interpret G3R as an index of emotion or anxiety. One thing that the GSR cannot indicate is
;on.inuej strýaig emotion or anxiety because if adrenalin is involved, the GSR is suppresscl! The
ýjlstinction Is also of importance to experimental designs, because the accidental variables that are
relevant to a.ttntion (i.e., novelty, suddenness, expectancy, -tc.) are typically ignored by
exnerimenters who regard the GSR as an index of emotion or anxiety.

361 Flt.,man, J. E. Remspiration as a source of intra-subject variation in simple information
procesrinS tasks 'Doctoral dissertation, Texas Christi2', UniJversity, 1974). Dissertation
Abstracts International, 1974, 35, 2461 B. (Univers',iy Mi:rofilms No. 74-25, 572)

The purpose of the present research wa• t7 examine the relationship between
respiratory phase and two levels of information processing.

In the first experiment, pncurnographit, respiratory records ,':,z ccllccted from 10
female Ss during visual and auditory detection tasks. The results revealed that in both Tasks Ss
detected more threshold level signals presented during the exhalation phase of respiration than
during the inhalation. Reaction times, however, were not related to the phase of respiration.

Respirato;.y records were also obtained in the second experiment during a slightly
more complex information processing task in which Posner's (1964) paradigm for- classification

of letters was utilized in a physical match task and a name match task. Ten female Ss performed
each task and the results suggested that respiration phase was not related to this type of
information processing. However, the results supported the information processing model
suggested by Posner and Mitchell (1967) and extended it to include word classification3.

The respiratory records ir both experiments wvere further scrutinized in an
exploratory manner to examine the consistency of the six respiratory measures over trials and
their relationships with task performance measures such as detection probabilities and reaction
"times. These results indicated that the respiration measures tended to be stable over trials and
tasks, but their relationship to performance measuies was unreliable. Suggestions for future
research were discussed.
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362 Florek, H. Spontaneous palpebral reaction in a prolonged visual task. Studia Psychologica,
1972, 14, 313-315.

Reports results of a repeated experiment relating to visual fatigue which lasted 120
min and involved 20 Ss aged 22 yrs. Ss showed a slight increase in the spontaneous eyelid
frequency, thus pointing to the onset of visual fatigue. The heart rate showed a decreasing trend,
although it appeared to be more sensitive to a change of situation. Quantitative measures of
fatigue-inducing factors (i.e., performance and its quality) failed to confirm symptoms of visual
fatigue. It is concluded that the results were conditioned by learning or by an incomplete
manifestation of the characteristics of the work curve.

363 Floru, R., Ciofu, I., Gulian, E., & Cioata, E. Contributii la studiul mecanismelor
neurofiziologice ale atentiei: I. Efecteie stimularii sistemelor activatoare asupra
potentialelor fotice. [Contributions to the study of the neurophysiological mechanisms of
attention: I. The effects of stimulation of the activating system upon photic potentials.]
Revista de Psihologie, 1964, 10, 243-255.

We studied the relationships between attention and perceptuai integration, using as
the EEG indicator, the reproduction of luminous intermittent stimulation rhythm (ILS) when
involuntary and voluntary attention was stressed (sensory stimulations, memory tests, mental

calculations, etc.).

The optimal functional level is bioelectrically expressed by appropriation of the ILS
rhythm. Decrement of this level reduces the capability of the structures investigated to reproduce
the rhythm imposed. Moderate stress upon voluntary and involuntary attention facilitates the
photic potential reproduction; excessive stress upon the activating mechanisms has an inhibitory
effect upon the bioelectric indicators.
364 Floru, R., Ciofu I., Guiian, E., & Cioata, E. Contribution a l'etude des mecanismes

neurophysiologiques de I'attention. I. Les effets de la stimulation des systemes activateurs
sur les polentiels photiques. [A contribution to the study of neurophysiological
mechanisms and attention. I. Effects of stimulation of activating systems on photicpotentials.] Revue Roumaine des Sciences Sociales Serie de Psvchologie, 1964, 8, 35-46.

The study purports to observe the influence of attention on perceptual integration.
Towards this purpose 19 adults were subjected to EEG, electrodermograms and electromyogram
tests, intermittent light stimulation prior to acoustic stimulation, while .kwake or in a state of
light sleep. It was concluded that (1) the state of optimal excitability, the waking state, when
attention is directed to the sensory stimulus, is expressed bioelectrically by an increased
intermittent light stimulation rhythm against a background of moderate activation. (2) The
decrease in functivnal level during the waking state, a decrease which is not pronounced during
the transition from the waking state to sleep, reduces the capacity of cerebral structures to
reproduce the rhythm of the intermittent light stimulus. (3) Excessive stimulation of activity
mechanisms causes a decrease of photic potentials.
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365 Floru, R., Ciofu, I., Gulian, E., &Cioata, E. Cercetariexperimentale asupra psihofiziologiei
atentiei. [Experimental research in the psychophysiology of attention.1 Revista de
Psiholggie, 1966, 12, 181-197.

An investigation was conducted of the bioelectric changes (e.g., EEG, EMG) during
the process of voluntary and involuntary attention in facilitation of optimal excitn'ion by a
specific stimulus or complex of stimuli and in the adjustment of intellectual tasks. Solicitation of
attention facilitates the segregation in time and space of light potentials by elaborating selective
attention. Attention is defined as a psychological process producing an autofacilitation of
nervous structures included in seniorial, motor, and intellectual activities.

386 Ford, J. M., Roth, W. T., Dirks, S. J., & Kopell, B. S. Evoked potential correlates of signal
recognition between and within modalities. Science, 1973, 181 .. 465-466.

Electrical responses evoked by clicks, flashes, changes in noise level, and changes in
"light level were recorded from the scalps of human subjects set to detect one of the stimuli. An
early negative component of the evoked responses reflects selection between sensory modaliti -,
whereas the later positive component reflects a more complex intramodal discriminati( 'I.

367 Ford, I. M., Roth, W. T., & Kopell, B. S. Attention effects on auditory evoked potentials
to infrequent events. Biological Psychology, 1976, 4, 65-77.

In two experiments, evoked potentials (EPs) were obtained for three levels of
attention, defined by instructions to press a button to, listen to or ignore an infrequent event. In
experiment 1, a regular train of standard tone pips was occasionally and randomly interrupted by
a tone of different pitch (pitch change) or by the omission of a tone (gap). At the vertex (Cz) a
late positive peak (P3) to the infrequent event became larger and later with increas -d attention,
while the earlier negative peak (Ni) became later but not larger. In experiment 2, EPs to pitcd.
changes were recorded from Cz, frontal (Fz) and parietal (Pz) locations. All effects obtained in l
experiment 1 were replicated. The distribution of P3 was different during the different attention
conditions.

36 Ford, I. M., Roth, W. T., & Kopell, B. S. Auditory evoked potentials to unpredictable shifts
in pitch. Psychophysiology, 1976, 13, 32-39.

Auditory evoked potentials (EPs) were recorded from subjects presented with a
regular series of tone pips at one of three rates (1/sec, 2/sec, or 4/sec). Occasionally one of the
pips was 5%, 25%, or 100% (an octave) different in pitch from the repetitive background pips.
These "mismatch" tones occurred at random with a mean interval of 12 sec (range 1-24 sec) for
all of the repetition rates. This determined an average sequential probability = 0.083, 0.042,
0.021 that a tone would be a mismatch. On different runs, subjects either responded wiih a
button press each time they heard a mismatch or they read a book. The amplitude of a large
negative component (N2 at 154 msec) evoked after mismatch tones was unrelated to degree of
mismatch but was larger to all the mismatch tones than to the background pip. Instvuctions to
attend did not affect N2. A subsequent positive peak at 277 msec (P3), recorded during reading,
did increase in amplitude with increasing mismatch, as did a P3 at 330 mscc recorded during
responding. Sequential probability had no main effect on N2 or P3. This lack of an effect on P3
suggests that the well-known influence of stimulus uncertainty on P3 may be determined by the
temporal rather than sequential uncertainty of events, or that our range of probabilties was too
narrow to obtain the effect.
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309 Ford, J. M., Roth, W. 1., & Kopell, B. S. Event-related potentials to omitted tones of
different durations. Psychophysiology, 1977, 14, 99.100. (Abstract)

Ten subjects received a sequence of tones occurrin ,. every 472 msec. They counted
the occasional random deletion of a tone. Subjects fixated on a light that flashed on for 50 msec
at the onset of each tone and each missing tone. The flash indicated exactly when the tone would
have occurred. There were 2 runs for each subject, the order of which was counterbalanced across
subjects. In one run the tones were 50 msec long and in , other 400 msec long. Thus, in the
short tone run, there was about six times more silence than in the long tone run.

Event-related potentials (ERPs) to background and missing tones were recorded
from electrodes at Fz, Cz, and Pz referred to linked earlobes. Trials with eye movements or
blinks were rejected by the computer.

The background tones elicited an N1 (113 msec) and P2 (180 msec). NI was later to
the long than to the short tones. At F z and Cz, P2 was smaller to the long than to the short
tones.

The missing tones elicited N2 (160 msec) and P3 (358 msec). N2 was largest
centro-frontally, suggesting that it was not the NI of the visual ERP. P3 was largest at Pz"

N2 to the missing tone was more than twice as large in the long tone sequence as in
the short. P3 was not affected by this variable. N2 to the missing tones in the long tone sequence
is probably not part of the off-response to the preceding long tone as there is no known
prolonged negativity at that latency in off-responses. Instead, N2 might reflect the relative
improbability of events, the event being silence in this case.

'3, •Ford, L. R. Recommended procedure for evaluation of the effects of biologicaI rhythms
on a rmaintenance task. Red River Army Depot, TX.: USAMC Intern Training Center,
Mar.*' '974. (NTIS No. AD 786 499)

This paper examines past research concerning biological rhythms and human
performance and suggests methods for future research concerning biological rhythms and their
effects on performance of a maintenance type task. Many studies have been done concerning
biclogical rhythms but relatively little research has been directed toward the effects of biological
rhythms on performance of an actual motor task. While.9. substantial conclusions can be drawn
from this paper, it does point out that future research is desirable and suggestions are offered for
directing future research.
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3T1 Foret, •., & Lantin, G. T'he sleep of train drivers: An example of the effects of irregular
work schedules on sleep. In W. P. Colquhoun (Ed.), _Aspects of human efficivncy: Diurnal
rhythm and loss of sleep. London: English Universities Press, 1972.

Perhaps most imp.-)rtant are the possible long-term consequences oldisturbances o)f
the sleep-waking alternation such as are experienced by the train drivers. Even without
considering actual pathology, it seems legitimate to hypothesize that fighting the circadian
rhythms (and we saw how strong they are) has a physiological cost that one should attempt to
evaluate. This brings us back naturally to the main theme of this article, i.e., human performance.
In the ,type of job we studied the problem is that the subject's performance must remain the same
for ten or twenty years. It is easy to understand why we hesitate to extrapolate laboratory results
even when thiey have been obtained over a long period of time. Although it is clear that
immediate relationships between sleep loss and the human operator'sefficiency do exist, there is
an implicit belief that complete recovery always occurs after such loss. This belidJ may not be

- justified in the case where the 'experiment' is repeated almost every day, since it is known that
with increasing age there is a corresponding decrease in the ability to adapt to changes in life
rhythms.

372 Frankenhaeuser, M. Behavioral efficiency as related to adrenaline release (Tech Rep. 268).
Stockholm, Sweden: University of Stockholm, Psychological Laboratory, November 1968.

The importance of the adrenomedullary system for maintaining the behavioral
efficiency of an individual exposed to environmental influences characterized by either
overstimulation or understimulation is illustrated by results obtained in a series of experimental
investigations. Consistent relationships between adrenaline release and efficiency of performance
during stress are demonstrated. Furthermore, data are presented which show a significant,
positive relationship between adrenaline relea.,e and intellectual level. The results are supported by
data obtained i. experiments with adrenaline infusions.

373 Frankenhaeuser, M. Behavior and circulating catecholamines. Brair, Research, 1971, 31,
241-262.

It may be stated that the importance of circulating adrenaline for a variety of

psychological functions has been clearly demonstrated by experimental results, whi~e the possible
significance of circulating noradrenaline in relation to behavior remains obscure. The data
available today suggest that the concept of adrenaline as an 'emergency hormone', facilitating
fight and flight reactions under conditions inducing rage and fear, should be extended to include
also the coping behavior of healthy individuals exposed to everyday stress situations. The
mechanism by which adrenaline influences the central nervous system is not yet understood, but
data from behavioral studies clearly show that adrenaline secretion is related to both cognitive
and emotional functions. IA section of the report relates vigilance performance to adrenaline

A secretion.]

-I
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374 Frankenhaeuser, M. Synpathetic-adrenomedullary activity, behaviour iand the psychosocial
environment. in P. H. Venables & M. 1. Christie (Eds.), Research in psychophysiology.
New York, London, Sydney: Wiley, 1975.

The article covers the following topics:

4.1 Introduction
4.1.1 Adrenomedullary secretion
4.1.2 Action of adrenomedu~lary hormones
4.1.3 Urinary and plasma catecholamines as indicators of sympathetic-a Jreno-

medullary activity
4.2 The Irnfluence of Psychosocial Factors cn Sympathetic-adrenomedullary Activity

4.2.1 Novelty, habituation, and control
4.2.2 Level of stimulation
4.2.3 Affective tone

4.3 Interindividual Differences in Synipathetic.adrenomedullary Activity
4.3.1 Efficiency and adjustment
4.3.2 Sex differences

4.4 Discussion
4.4.1 The influence of cognitive factors
4.4.2 Mechanisms of action

4.5 Acknowledgment
4.6 References

Section 4.3.1 relates reaction time and errors to differences in adrenaline and
noradrenaline secretion rates.

376 Frankenhaeuser, M. The role of peripheral catecholamines in adaptation to
understimulation and overstimulation. In G. Serban (Ed.), The psychopathol of human
adaptation. New York: Plenum Press, In press.

The paper reviews data from laboratory and field investigations aimed at identifying
those aspects of the psychosocial environment which elicit secretion of catecholamines. It is
shown that (a) cognitive factors, e.g., the individual's ability to predict and control events in his
environment, regulate his level of catecholamine arousal, (b) catecholamine release is
accompanied by increased alertness and efficiency and hence facilitates adjustment to the
demands posed by the environment, (c) individual differences in the intensity and duration of
catecholamine secretion in response to underload and overload are related to differences in
short-term and long-term adjustment, (d) the two sexes differ with r-gard to their average
catecholamine release under stress, adrenaline being a less sensitive indicator of behavioral arousal
in females than in males., (e) sawmill workers, holding machine-paced jobs characterized by
cxtreme lack of personal control,monotony, coercion and physical strain, have high levels of
catecholamine secretion, and in addition, a high frequency of psychosomatic symptoms and high
absenteeism.
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376 Frankenhaeuser, M., Mellis, L., Rissler, A., Biorkvall, C., & Patkai, P. Catecholamine
excretion as related to cognitive and emotional reaction patterns. Psychosomatic Medicine,
1968,J, 109-120.

Excretion rates of adrenaline and noradrenaline, performance in an audiovisual
conflict test, and subjective reactions to tne test as well as habitual response patterns were
examined in 25 subjects. Subjects with high excretion rates of both hormones performed better
during the entire stress session than did subjects with low excretion rates, the trend being
particularly pronounced in respect to noradrenaline excretion. Subjects with high or with low
e),retion rates of both hormones had different time patterns of emotional involvement; high
excretion rates were associated with a decrease and low excretion rates with an increase in the
intensity of the reactions as the session progressed.
3?7 Frankenhaeuser, M., Myrsten, A. L., Post, B., & Johansson, G. Behavioural and

physiological effects of cigarette smoking in a monotonous situation. Psychopharmacologia,
1971, 22, 1-7.

Sustained performance in a visual reaction time test was examined in 12 moderate
smokers, In a control condition without smoking, efficiency decreased over time. In a condition,
where 3 cigarettes were smoked at 20-min intervals, the subjects were ableto maintain their initial
ievel of performance throughout the session, mean reaction times being significantly shorter in
the smoking than in the control condition. Smoking produced a significant increase in adrenaline
excretion and heart rate.

378 Frankenhaeuser, M., Nordheden, B., Myrsten, A. L., & Post, B. Psychciysiological reactions
to understimulation and overstinulation. Acta PsyEolozica 1971,_35, 298-3(0.

Cftecholamine output, heart rate, and performance efficiency were examined in 28
Ss during two contrasting stimulus conditions, one of understimulation, and one of
overstimulation. During understimulation the subject spent 3 hrs performing avigilance task, and
during overstimulation he was exposed for the same time period to a coinplcx sensorimotor test.
Both understimulation and overstimulation produced a significant increase of adrenaline and
noradrenaline release as compared with a control condition involving a medium amount of
stimulation. Subjects who excreted relatively more adrenaline performed significantly better
during :,nderstimulation, whereas subjects with relatively lower excretion rates of adrenaline
tended to perforn better under overstimulation. When performance efficiency was related to heart
rate it wa; sho)wn that high-heart rate subjects performed better during undeistimulation, while
low-heart rate subjects performed better during overstimulation.

379 Frankenhaeuser, M., & Ri.sler, A. Effects of punishment on catecholamine release and
efficiency of performance. Psychopharmacolozia, 1970, 17, 378-390.

Physiological and psychological reactions were studied in 40 suibjects under
four different conditions. In Session I the subjects received electric shocks according to a random
schedule which they could not influence. In Sessiors II and III a choice-reaction task was
performed, and half of the subjects were punished for slow performance, the degree of situational
control exerted by the subjects being greater in session Ill. Session IV was spent by all subjects in
passive relaxation. Punishment produced a rise in both adrenaline and noradrenaline release. By
increasing the subject's control over the situation it was possible to counteract the adrenaline
increase, while noradrenaline release appeared unaffected. On the whole, subjects with high as
compared with low rates of adrenaline and noradrenaline excretion were more efficient in terms
of both speed and accuracy of performance.
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g0, Franzen, 0., & Offenlock, K. Evoked response correlates of psychophysical magnitude
estimates for tactile stimulation in man. Experimental BiAin Research, 1969, 8, 1-18.

Cortical responses evoked by transient sensory stimulation of the index and middle
faigers were recorded from the scalp over the contralateral primary somatic projection area in
-man. Stimulus amplitude and locus were systematically varied. The relationsnip between stimulus
intensity and the magnitude of the evoked response is adequately described by a power function.
The exponent of the psychophysical function generated under similar stimulus conditions is of
approximately the same size. A mathematical model is presented to describe and predict spatia!
summation. A compiete isomorphisni between psychological and neurophysiological events is
obtained.

SS Frazier, T., Benignus, \'., Every, M., & Parker, J., Jr. Effects of 72-hour partialeep
deprivation on human behavioral and physiological resonse measures. Falls Church, VA.:
Bio Technology, Inc., August 1971. (NTIS No. AD-732872)

Ten adult maies were subjected to partial sleep deprivation experiments in order to
study the effects of progressive sleep deprivation on the basic biological rhythms underlying
performance on signal detection tasks ant! to assess the value of using change in biological
rhythms as an objective measure of human response to such types of stress. The dat3 obtained
were subjected to a power density spectral analysis with a program based upon the Fast Fourier
Transform. The results show that signal detection mcasures, response latency, and heart rate are
all highly sensitive in reflecting progressivf loss of performance capability. Powev spectral data
also show changes as a function of sleep deprivation, indicating that one feature of this type of
stress may be an alteration of basic human biorhythms.

SM Frazier, T. W., Rummel, J. A., & Lipscomb, H. S. Circadian variability in vigil.inci
performance. Aerosce Medicine, 1968, 39, 383-395.

Least-squares spectral analyses of vigilance performance by three human test subjects
over a 14-day confinement period in a highly controlled ex~perimental environment revealed
clear evidence of circadian rhythmicity. Four performance tasks associated with vigilance
measurement were administered on four equally-spaced occasions during each day of the test.
Circadian rhythmicity was identified in every measure employed, but individual ciocadian periods
showed clear noebstationarity as time progressed, with periods ranging considerably above and
below 24 hours. This finding raises some questions regarding the common practice of using
time-of-day control for eliminating circadian periodicity as a source ot error variability and
questions regarnding whether circardian variation might account for vigilance performance changes
previously associated with length of a monitoring vigil. The results also suggested that
confinement itress can lead toalteratconsof circadian rhythmicity, even when the physical
environment and activity schedule arc held highly constant.
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388 Frazier, T. W., Weil-Malherbe, H. W.. & Lipscomb, i. S. Ps ,-:h1)11yhsiology of conditioned

emotional disturbances in humans. Psychophysiology, 1969, 'K 478-503.

A discriminative avoidance conditioning tc-chnique was used to study urinary
excretion of selected adrenal hormones in response to a stimulus which had acquired conditioned
noxious properties through association with availability of puniihment. A tour day test
procedure was employed: (1) to ",bituate subjects to the test environment; (2) obtain control
data; (3) condition subjects; and (4) test reactions to the conditioned noxious stimulus. Urine
samples were taken at two-hour intervals preceding and following each of the four trials, and
were an~zlyzed for epinephrine, norepinephrine, total 17-hydroxycorticosteroids, and other
urinary constituents. These results were correlated with results obtained from monitoring of
heart rate, skin resistance, blood pressure, and three measures of panel monitoring performance.
Data anlayses revealed significant changes from control levels during the test period for each of
the principal measures described above and some specification of life systems interrelationships
through correlation and factor analyses. Factors were idtntilied which related to behavioral
efficiency, psychological effort, fluid transport regulation, c.rdiovascular.adrenal, and specific
epinephrine and norepinephrine factors.

=14 Frazier, T., West, V., Every, M., & Parker, 1. Jr. Use of spectral analysis in the study of
human behavioral and physiological response measures. Falls Curch, VA.: Bio
Technology, Inc., June 1971. (NTIS No. AD-732951 )

In assessing changes in behavior, such as those fuund with sleep loss, the principal
problem is one of mi-tuement. The objective of the seriqs of studies described in this report was
to develop and validate a measurement and analysis technique for examining human responses
occurring through time. In the six studies reported, power spectra were computed for
expeiimental data, along with coherence analyses and tests of significance. Behavioral results

were compared with one another and with simultaneously recorded physiological data. The data
from these studies indicate there are several rather stable biological rhythms, or oscillations,
whic', occior in performance patterns. Several oscillations were identified in addition to the large
(1.1 cycles/day) oscillation which corresponds to( circadian rhythm. Oscillations of weaker
intensities were found at 4.5, 9.0 (close to the work/rest cycle), and 18 cycles/day. The
imposition of mild stre.ss conditions was found, in mrany instances, to have a significant effect on
tht character of the basic biorhythms. It is felt ;.hat the use of time series data, in which
rhythmicities in performance are identified and s-tuc ied as the organism is exposed to unusual or
stressful environments, represents 2 relatively new aril potentially' fruitful approach to behavioral
research.
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365 Freeman, G. L. The facilitative and inhibitory effects of muscular tension upon
performance American JL)urnal of psychology, 1933, 45, 17-52.

To critical students, it is now quite evident that the relationship between mental
activity and muscular tension is far from simple. One of the most perplexing problems of
contemporary rewarch concerns the universal validity of muscular reinforcements. Data obtained
under widely different conditions indicate that increments in tension may (1) increase efficiency
of performance, (2) have no effect on it, or (3) be actually inhibitory. Such apparently
contradictory results point to the neesity of further ,ork, both with more refined techniques
and with more rigid experimental controls.

Our general problem has thus been formulated as follows: When may muscular
tension facilitate performance and when 's it likely to be inhibitory? this paper describes several
new approaches to the question and .;itempts to clarify the interpretation of data obtained from
other sources.

3M Freeman, G. L. The relationship between performance level and bodily activity level.
Jural f _ Lxperimenial Psyc: .oIA 1940, 26, 602-608.

From the three experiments reported above, and especially for the last one, it is
suggestcd that changes in ,k4n resistance are more related to subjective effort than to
performance level per se. the tact that it is often difficult for an individual starting from a
relatively high level of reactivity to attain a slow working pace, makes for many reversals in the
assumed decrease in reactivity and under lowered performance. FUrthermore, measures of
work-output alone are insufficient t, show the assumed rel-.;onship; for while an individual
working at high or low excitation leveN! may turn out the same amount of work as at a morecongenial pace, a decrement in the quality of performance can have occurred. Another
comphcating factor is the possibility of change in work methods at different production rates,

which would tend to mask the relationship between effectiveness of performance and reactivity.
Later research may conceiv.:oly show that the extremes of this relationship are attained only
when resting exitiation level, from which increments obtain during work, is abnormally high or
low. Certainly this is the implication from our second experiment, done on a single sub~ect.

387 Friedman, H., & Taub, H. A. The transcephalic DC potential and disjunctive reaction time
performance. Bulletir, of the Psychonomic Sýc!iety, 1973,1, 202-204.

Invvstigated the relationship between the transcephalic DC potential (TCDC) and
disjunctive reaction time (RT) in 239 clinically normal malt Ss. Three expe(iments were
conducteie with visual and 2 with auditory presentation of stimuli. In each experiment,
compariso.is of those Ss shitting in TCDC in a positive direction vs. those shioting negatively
and/or less posi(ively were made. In every case, the group of Ss shifting in the relatively more
positive direction showed a signl;'cant association between TCDC and a change toward slowing of
RT performance.
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308 Froberg, J. E. Circadian rhythms in catecholamine excretion, performance and selfratings.
(Report No. 36.) Stockholm: Kare'inska Sjukhuset, Laboratory7for -T'nical Stre
Researci, April, 1974.

"Circadian variations have been found in adrenaline excretion as well as in
performance and subjective arousal. No study, however, has yet been ieported in which all three
aspects of arousal - physiological, subjective and behaviorI - have been measured

simultaneously. We have studied - in a series of experiments designed to test the ability of
military personnel to endure a three-day vigil under conditions of continuous activity and a
'stressful' milieu - circadian rhythms in catecholamine excretion, performance and 'subjective
arousal'. The present paper is concerned with two experiments, in which a total of twenty-nine
subjects were deprived of sleep for seventy-two hours with three hourly measurements of urinary
cztecholamines, self-ratings, and performance. The purpose of this study was to answer the
following questions: (i) Are there psychophysiologic circadian rhythms which persist undel
conditions of sleep deprivation with continuous activity and regularly spaced meals? (2) If so,
what are their characteristics in terms of the shape of the curves, phases and amplitudes? (3)
What time relationships exist between different functions, i.e. physiologic, subjective and
performance measures?

389 Froberg, J., Karlsson, C. G., Levi, L., & Lidberg, L. Circadian variations in performance,
9!sychologicai ratings, catecholamine excretion and urine flow during prolonged sleep
deprivation. In W. P. Colquhoun (Ed.), Aspects of human efficiency: Diurnal rhythm and
loss of sleep. London: English Universities Press, 1972.

The psycho-physiological correlations reported may be due to at least two main
factors: (1) progressive changes due to sleep deprivation etc. pe.-se., and (2) the circadian
variation5. Making the assumption that the former effects are approximately linear with time,
part;al correlations were comnuted. The results of this analysis indicates that when the effect of
h, of sleep deprivation is 'partialled out', the correlations between adrenalin excretion on the
one hand and performance and fatigue measures on the other, are clearly significant and of the
same magnitude or even higher than those reported (r = .80 and .48 for number of shots, and -.70
and -.68 for fatigue ratings for Experiments I and II, respectively), Partial correlations between
noradrenalin and performance and fatigue, however, were not significant in any case. These
results support the assumption that there is a relationship between the rhythms of adrenalin,
performance and fatigue, while the correlation between the two latter variables and noradrenalin
excretion are due primarily to 'stress-induced', progressive changes.
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3W Fruhstorfer, H., & Bergstrom, R. M. Human vigilance and auditory evoked responses.
Electroencephalography and Clinical Neurophysiology, 1969, 27, 346-355.

1. In seven normal subjects vigilance fluctuations and related changes in the auditory
evoked response were quantitatively analysed during rest lasting 10 min (eyes open) or 80 min
(eyes closed) in a soundproof roon,. Vigilance was visually determined from the EEG on the basis
of a sensitive classif'cation. Responses evoked by slowly repeated clicks were summated
selectively according to the vigilance level in the 2 sec immediately prior to each stimulus.

2. During a session vigilance decreased noticeably in all subjects whether the eyes
were kept open or closed, With closed eyes the vigilance decrease was rapid and in most canes
reached real sleep. After this initial fall vigilance increased again and remained, with smaller
oscillations, at a certaii, level of the intermediate stages.

3. The click-evoked response was large and stable in the alert stait. With decreasing
vigilance a progressive amplitvde reduction of three prominent response components (Nla, Ni b,
P2b) was observed. At stage B2 , these components had approximately 25% of their original size
at s. ,:e 0 The transition to real sleep was characterized by a marked increase of N2 alld a slight
grovwch of P2a- P1, did not change over the whole vigilance range.

4. No progressive changes in latency or shifts in focus were noticed. There was,
however, a decrease in latency and a posterior shift in the focus of N2, at the transition to real
sleep.

5. The progressive loss in amplitude is interpreted as a decline in the activity of
certain brain functions which are essential for the maintenance of an efficient
subiect-environment relation.

391 Fruhstorfer, H., Langanke, P., Meinzer, K., Peter, J. H., & Pfaff, U. Neurophysiological
vigilance indicators and operational analysis of a train vigilance menitoring device: A
laboratory and field study. In R. R. Mackie (Ed.), Vigilancc: TheoTY, operational
performance, and physiologic3l correlates. New York: Plenum Press, 1977.

Vigilance and attentiv,-ness of train drivers is usually tested by vigilance monitoring
devic.•s (VMD) which require certain motor responses. 'The continuous performance of this
"secondary task" over years may, however, improve the ability of the driver to respond correctly
in states of lowered vigilance during which his overall performance is reduced. This problem has
to be studied by comparing the performance of the secondary task with objective
neurophysiologial vigilance indicators. The present study progresses on three levels. The actuwd

performance of drivers operating the VMD is studied on an electric engine. The performance of
trained And untraine& subjects operating the VMD is compared to neurophysiological vigilance
indicators (EEGS, EOG) in a laboratory simulation. Neurophysiological vigilance parameters
together with the operation of the VMD were examined in a monotonous car driving situation.
The results so far obtained indicate that the engine drivers develop a spontaneous and rhythmic
way of operating the VMD which allows a correct operation of the system even at low levels of
vigilance.
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392 Gaarder, K. Fine eye movements duirng inattention. Nature, 1966, 209, 83-84.

A feedback contro; system of fine eye movements might be assumed from this
evidence to operate differently during attention and inattention. Most parsimoniously, it could be
assumed that during attention there is a closed-loop feedback functioning with stability of the
system, while during inattention the loop is opened, resulting in typical instability oscillation As
recorded in artificially opened loops by Fender and Nye. Thus, inattenion would physiologically
involve the opening of feedback loops which are ordinarily closed and operative. Although
parsimonious, these assumptions should be tentative.

Another issue concerns the state of organization of visual information transmitted
during attention and inattention. Introspection does not readily allow asking it what we see
during irnattention is different from during attention. The different space-time relationship of the
retinal image to the retina during attention and inattention suggests that the organization of
information transmitted by the optic nerve might be markedly different in the two states.

393 Gaillard, A. W., & Naatanen, R. Modality effects on the contingent negative variation in a
simple reaction-time task. In W. C. McCallum and J. R. Knott (Eds.), L. res..onsive brain.
Proceedings of the Third International Congress on Event-Related Slow Potentials of the
Brain. Bristol, England, 1973. Bristol: John Wright, 1976.

The modality of the stimuli used had a clear in'tlence on the amplitude of the CNV
in the simple RT task. For the vertex and temporal derivitions thc modality of Sl hi~d a large
effect on the CNV amplitude especially when the amplitude was measured in the early phase
(600-760 msec after $1). No effect of the S, modality on the CNV was observed in the occipital
data.

Whether the modality effects ob-ervea are 'real', i.e. specific to the modality or onlydue to stimulus intensities used has still to be investigated. A crucia', experim'ent is difficult to

design due to the fundamental problem of ;omparir.g stimulus intensities across modalities. Up to
the present time even the influence of stimulus ;ntensity on the CNV has nct been systematically
enough investigated.

Future investigations of stimulus modality effects will need to pay pmi'ticular
attention to the nature of the task, the ;.s.i., electrode positions and the duration of expcrirmental
conditions and tasks.

394 Gale, A. The psychophysiology of individual differences: Stadies of extrajversoon arnd the
A EEG. in P. Kline (Ed.), Ncw approaches in psychological measui,'ment. London: Wiley,

1973.

Of all the paradigms outined above, the vig;iance paradigm 0 p,.sibly thi bestcandidate for immediate research, since it may call upon a body of established data. However, the
remaining paradigms may be worked upon to yield useful -tta. All these tasks represent a
considerable shift in ecological validity when contr:,sted with the 'eyes cosed' and habituation
paradigms. The only justification lor further work along the lines of the existing studies would be
merely to clarify thtm equivocal findings. We may end this case study in experimental
mismanagement wi'h a glimmer of optimistic, if not fervent, hope.
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W56 Ga~e, A. EEG studies of extraversion-introversion: Sources of experimental error. Paper
presented at the International Conference on Temperamc-nt and Personality, Warsaw,
Poland, October 1,974.

In a series of small-scale studies we have shown that imaging chAracteristics relate to
the EEG; that differences in short term recall both within and between s~ubject-) are related to
resting and in-task variation in the EEG; that eye-to-eye contact and interpersonal distance have
systematic effects upon the EEG; that individ"A~ difference5 in simnpie reaction time relate to
EEG abundznce and frequency, and finally, that variation in parameters; of stimiulus complexity
relates both to EEG variation and to subsequent capacity to recognize the stimuli, For much of
this data there is alrcedy compatible lperformance data relating to extraversion-introversion. Even
where i~uch data is not yu% available, the paradigm!, themselves may lead to new data-. ir example
studies of stimulus complexity and the EEG may enable us to mnonitor physiological rtsponv. to
stimulus-seeking itself. What wc see in our studies is that the same EEG chaiacteristiks can he
good for some types of perforr'iar~ce and bad fur others, in vigilance and stimulus recognitiont
for example, capacity to show differeoitial arousal to varied stimaili is the key to -superior
performance. In short term recall, 1-2 arousal and Fe ced variability are associated w~th good
scores in untrained Ss. Our simple reaction time data, which is still being analystd, shows quite
strongly that low arousal is assoociatcd with fav. reaction.

366 Gale, A. Some EEG; correlates of sustained attention. In R. R. Mackie (Ed.), Viglance:
Theory, operational performance, And Oy-sinlogical corre~ates. New York: Plenum Press,
1977.

This paper f~ports two studies of EEG correlates of sustained attention. In the first,
signal ratios are varied in a situat~ion in which overall event rate ir, constant. I he EEG is shown to
be sensitive to time,signal ratios, and individual differences in performance. The second study'
measures the effects of coaction in a Bakan-type task in which subjects perform alone or in pairs,
are males or females, triends or strai,,gcr, working me. ly together but on different schedules of
the same task, or working in diiect competition to the same schedule. Both performance arid
E.EG daU. reflect the influence of the key variables manipulated. Reaso-is for ths. current
dizatisfaction with the FIEG's usefultiess its a depand~ent var~able ir, psychological research arc
,.onsidcred, as are rncantý of improving E'A-G r:!search in g-.neral -and in vigilance and sustained
attention type tasks ip particu~lar. It appewrs fron', the data present~d that different EEG
waveforms are diffe.-entially sensitive !¶ý various task atid situational tret,1ments within the waking
state. In pzrtiCUlAr it is shown that tasks wh~im vonlain either a large short term memory
component or a response competition element arr likely to zonf use the' vigilancc literature since
fAich characteristics call for loweied arcusal if perfor-mance is to be successful, whereas
tradit',onally, supeiiot performnarce in vigilanice tasks is associated with heightened arousal. A
multi-tage model of expcrimentzI arouisal is brielly considered and attention is drawnt to possible
sources of c;-.or in meAsurement if aspecti of the niode', are ignored. It is concluded that thc
EEG is at least as good a psychophysIological index~ of arousal as are some uf the more popular
measures (heart. rate, electrodermal act~vity, slow potentials etc )arnd that the EEG is capable of
generating some data o, relevance to vigilance research.
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397 Gale, A., Bramley, P., Lucas, B,, & Christie, B. Differential effect of visual and auditory
complexity on the EEM: Negative hedonic valuoe as a crucial variable? Ps~jocmi
5Lience, 1972, 17, 21-24.

Four experiments are reported. In Experiment 1, EEG abundance is shown to
decrease as complexity of v;sual stimuli increases. Stimusi are a blark ý,creen or 2, 4, 8, or 16
black dots randomly placed on a white backgi'ound. This ic~sult is ,n accordance with previous
findings and is consonant with arousal theory. However, in Experiment 2, EEG abundance )i
shown to increase with audito'-y compiexity. Stimuli are 30-sec blocks of 1, 2, 3, or 4 tones
randomly alternated. In Experiment 3, Ss rate thu sound stimuli for both szmlplexity and
hedonic value. Ratings for complexity and hedonic value run counter to each other, Ss rating !ess
complex stimuli as ugly, irritatilng, arnd unpleasant. Thus the contradictory results of Experiments
1 and 2 are explicable in terms of the negative hedonic value of simpiler, moicre monoton~ous stimuli,
the arousing effects of which maiy override any effects induced by complexity per se. hIn
Experiment 4, Ss give hedonic rz~tings for stimuli used in brth Experiments 1 and 2. Thc findings
for Experiment 3 are replicated. An ;rritatirig-relaxing srale diffei-entiates between the visual and
auditory stimuli.

3O60 Gale, A., Bull, R., &Hasluir, M. Cumulative expectancy, subjective report of alefrtness, and
*electrodermal activity. Psychophysoiowy, 1972, 9. 3-3-392,

Monitored skin conductatice during a vipilance tzask in which 1.0 undergraduatns
responded to wanted signais. The wanted sig.iAl wati a sequence of 3 consecutive odd digit, (c.g.,
1, 3, 7). Nonwanted signals also con-,airnd 3 consecutive digits; of ther.e, 2, 1, or none w~cre odd
(e.g., 1, 1, 2; or 1, 4, 6; ..r 2,0~, 61. Sinice S re~sp~indeil'to a se~ries oi oWd digits the different signal
types varied iir. the~ir p'~wc;, to it-duc:, a state (of ctmulative expectancy. Eiectrodermal activity w~isIquantified in trrms of clha;ýe In coniductance (SC2.), either inurease (SC~ký or Owcasc (SCR-)j ar,:ociated with particular scquen.~-% of dig~ts. Results indicate: (d) SCP,+ for w-intfd signals
progressively increased as the sequence accumulated w-ih maximumr SCR+ on the final digit and a
l arge SCK.- on the p)lus sign-. (b) odd numbers were ssoc~lated with %CR+ whcreas even numtL!-
and plus signs were associated with 5CR-; (c) Ss repor ted posttest that they were more alerted by
odd digits; (d) RT to wanted signals did not co.-relae vi:h latency of tile issc-ciaved SCR, nor
with pre- and postslgnal SCRs; (e) intraindividual analysis yielded nj evidence for operation of
the h~w of initial value.

399 Gale, A., Bull, R., Penfold, V., Coles, M., & Barraclough, R. Extrovcrnion, time of day,
vigilance performance, and physiological arousal: Failure to replicate traditional findings.
.Psychonomic Science, 1972, 29, 1-.5.

Examined the effect of extroversion, neuroticism, sex, and time of day or. the
performance of 190 graduate and undergraduate Ss on a group-admloistered hr-long auditory
vigilance task. Performance was related to none of thcse variables, but the task yielded a significant
decrement in performance during the I1st 12 min, and level ol performance was well within the
range typically reported for such tasks. Good atrid poor vigilance performers ýfcrc then compared
on 2 further separate tasks: (a) tonic and phasic electrodernial activity (EDA) during hibituatieln
to repeated auditory stimulation (n =22), and (b) tonic occipitAl EEG during alterrnated
eyes-open and eyes-closed triais (ni = 16). Of the EDA measorr's, ionic EliA. (basal rtsistance)
discriminated between good 1nd poor vigilance performers. Resistance level or thle ý'io jrincreased during habituation trials and was also higher than that of the poor gr oup foilo)wiilg tile
9th of 20 trials. The tonic EEG of the good groui was higher in ainplitu'le than tmat of the low
group. Results are conteary to predictions made onl the bas~is of' irotisal interpretations of
individual differences in vigilance performance, sincie both thle EDA atnd EEG mesue indicateIthat good vigilancei performers were lower k,',)use:d thain~ioor vigilance pert or ners.
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4G0 Gale, A., Christie, B., & Penfold, V. Stimulus complexity and the occipital EEG. ftis
Journ.j of Psychology, 1971,62,527-531.

Occipital EEG was monitored during long-term exposure to visual stimulus arrays of
five levels of complexity. Integrated FEG output was recorded for nine separate frequency bands.
The stimuli were two, four, eight, 16 .)r 32 randomly located white squares on a black
background. Mid-alpha activity (8.5-10.5 Hz) decreased linearly with log 2 n, where n = number
of squares in the array (P <0.01). Beta activity ( 12.5.16.5 Hz) showed a quadratic trend (PC
A.02). Theta activity ,5.5-7.5 Hz) increased linearly with ascending complexity (P <0.05). There

no significant trends for low alpCla (7.5-8.5 Hz) or high alpha (10.5-12.5 Hz).
,•ýnms-.control slides showed no parallel effects.

401 Gale, A., Coles, M., & Boyd. E. Vav'iaion in visual input and the occipital EEG: II.
Psychonomic Science, 1971,23,99.100.

The resting EEG of 29 Ss is examined during exnosure to five different
conditions of visual stimulation: (1) eyes shut, (2) eyes open in the dark, (3) viewing a blank
scret 1, (4) viewing a simple pattern, and (5) viewivig a more complex pattern. Each condition is
presented twice according to a random schedule (2 min per trial). For alpha ind beta frequencies,
EEG amplitude varies inversely with ascending visual complexity. For theta frequencies, this
relation holds except for a reversal for Conditions 4 and 5.

402 Gale, A., Davies, R., & Smallbone, A. EEG correlates of signal rate, time in task and
individual differencei in reaction time during a five-stage sustained attention task.
Lr.tonomics ' In Press, 1976.

The EEG of 20 subjects was monitored continuously while they performed a
sustained attention task in which each subject performed five conditions in different order. All
conditions involved regular presentation of d;gits (stimuli) at the ý'ate of one par two seconds.

Subjects were i'equirr-d to respond to particular digits (signals) and signal ratios varied between 10
and 50 percent over the rive conditions. There was a brief rest between each condition, and total
task time (including periods of rest) was approximately 112 minutes. The Results were: (i) Mean
reaction time to wanted signals increased following the fi~st condition ( independent of signal
ratio) and was also longest for the 50% signal ratio condition (independent of order of
presentation). (ii) Errors (false positives and misses) increased as a function of .ignal ratio but
not as a function of order of presentatior. Subjects with fastcr mcan reaction time committed
more er;ors. However, overall absolute error rate was low (3.2% tnder the most extreme
condition). (iii) EEG abundance for the lower measured alpha frequencies increased as the task
progressed, and mean dominant alpha frequency, decreased. (iv) EEG abundance for the higher
measured afpha frequencies increaseI as a function of signal ratio, i~e. the higher the ratio, the
higher the abundance. (v) Subjt*cts with higher EEG abundance and lower mean dominant alpha
frequency were faster (mean RT) than subjects with lower abundance and higher mean dominant
alpha frequency. (vi) EEG trends were different for fast and slow subjecti; fast subjects gave EEG
effects for both signal r.tio and tirme in task, whereas slow subjects showed only time effects. The
over,,l f-ndi'gs for time in task and the decrea!es in the quality of performance with decreased
arousal are compatible with previous models of vigilance (e.g. Mackworth, 1969). The
unexsecled results for signal ratio and individual differences (decreasing EEG arousal with task
complexity iid greater individual efficiency) are interpreted in terms of (i) loading on short term
memory requirements by bctween-condition interference effects, (il) inhibition of preparatory
motor response to milit-ite against response anticipation, and (iii) reevoked orienting responses.
Independent evidence suggests that both short term recall and motor inhibition call for lowered
arousal if performance is to be successful.
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406 Gale, A., Dunkin, N., & Coles, M. Variation in visual input and the occipital EEG.
Psychonomic Science, 1969,14, 262-263.

EEG frequency distributions are compared over three viewing conditions
eyes-closed, eyes-open with matt black display, and eves-open with a patterned display of white
geometrical shapes on a black background. The distributions tor the three conditions (derived
from a total recording time of 24 min) may be ranked in accordance with an arousal hypothesis.
Integrated output in all m,nasured frequencies is reduced in the more aroused states, and
differences between aroused ,.onditions occur within the alpha and subalpha ranges, rather than
in the beta range.

404 Gale, A., Haslum, M., & Lucas, B. Arousal value of the stimulus and EEG abundance in an
auditory vigilance task. British Journal of Psychology, 1972 63, 515-522.

Assigned a task to 10 18-22 yr. old undergraduatr. in which the desired signal
consisted of 3 consecutive odd digits. Five other signals varied in their approximation to the
wanted signal, were ranked on that criterion for their arousal value, and were each followed by a
rest period. Results show that (a) alpha abundance diminished as arousal value increased; (b)
theta and beta showed weak or no effects; (c) a very-low-frequency filter yielded a strong effect
for I signal only; (d) during rest periods, alpha signal was greater than during the preceding signal
for the 3 most arousing signals and much lower following the others; and (e) Ss rated themselves
as more keyed tip as arousal values increased, and reported increased alertness during rest periods
associated with signals of increasing cue value. It is concluded that variation in alertness as
experienced in vigilance tasks is reflected in systematically varied EEG.

405 Gale, A., Haslum, M., & Penfold, V. EEG correlates of cumulative expectancy and
Psychology 1971,23, 245-25A.

Monitored occipital EEG during a slow oresentation rate vigilance task with 18 mal:
and 7 female undergraduates. EEG samples were taken for each of 400 task events. The EEG is
correlated with in.-reases and decreases in "expectancy" built into the task. Posttrial subjective
estimates of alertness parallel the EEG changes. RT to "wa ited signals" does not correlate with
me,\sures of presignal EEG.

406 Gale, A., )ones, D. M., & Smallbone, A. Short-term memory and the EEG. Nature, 1974,248
439-440.

Studied the relationship between low levels of arousal as measured by the EEG and
efficient short-term memory. EEGs of 32 Ss were monitored during the acquisition and
immediate recall of 9-digit strings presented in the auditory mode. After an initial 2-min lest
period,Ss each underwent 24 triali, for which instruction was minimal. The EEG was recorded,
stored, and averaged, using low frequency analysis. Thus, the systematic changes which occur in
the human central nervous system during acquisition of material to-be-recalled, and the
relationship between such changes to subsequent recall, were plotted. It was found that poor
performance was consistently associated with increased EEG arousal, even to the extent of
enabling prediction of recall error rate before the task proper. Possible interpretations of these
results are suggested.
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407 Gale, A., Jones, D. M., & Smallbone, A. Short term recall of 9-digit strings and EEG. I.
Correlates of serial position, practice, within-subject and between-subject differences in
recall (auditory presentation). British Iournal of Psychology (awaiting decision).

Thirty-two subjects each underwent 24 short-term recall trials. Each trial consisted
of a random, 9-digit string, presented in the auditory mode. The EEG was monitored before the
task, during acquisition and recall, and between trials. An rEEG sample was avai!able for each
digit. There were twelve key findings: (i) Errors in recall increased monotcnicall' as a function of
serial position (P,4O.001) with an improvement in performance for the final serial position (P<
0.'5). (ii) At the same time, EEG abundance during digit presentation diminished as a function
of serial position (M4.01) such th' h;.-h error in subsequent recall was associated with decreasing
abundance (increasing arousal' t.- , i, r.i -. tation. Several analyses related recall performance to
individual differences in the EEC. 'ii'. ; ',task abundance (7.5 - 9.5 Hz) was inversely related to
total error (P40.025). (iv) Ore-ta-. ,, ir dominant frequency (7.5 - 13.5 Hz) was directly related
to total error (PNO.05). (•' AbsindamaL during acquisition was inversely related to total error (P<
0.01). (vi) Degree of diminution in abundance dusinp acquisition (increased activation) was
positively correlated with errors in early serial positions (PM3.01). (vii) The patterning of EEG
variability at acquisition differed for subjects giving good and poor performance. Good subjects
showed initial EEG diminution followed by stabilisation; poor subjects continued to diminish in
ab-indance throughout the series (P10.05). (viii) Poor subjects were more aroused at recall (1V.
0.05). (ix) A within-subjects analysis of good and poor recall trials revealed differences similar to
those fo- differences between good and poor subjects (as (vii) above). (x) This finding was
corroborated ky an analysis of extremes of performance (very good and very poor trials) (P<
0.01). (xi) For all subjects EEG abundance between trials was greater than at acquisition or recall
(1O.01). (xii) When the 24 trials were divided into successive blocks of 8 trials, the first block
was associated both with high recall errors ;n the early serial positions (Pe0.01) ind decreased!
abundance when compared with the final 16 trials (P3O.05).

All the findings are internally consistent and indicate that good performance was
asi,ociated with higher levels ot EEC abundance and therefore tower levels of arousal. The EEG
discriminates between : serial positions during preser'tation, subiects before task, subjects durin,
digit presenuaion, subjects during recall, good and poor trials within subjects, trials and inter trial
rests, awid trials over time. The results are interpreted in term- of an interaction bet'een
individual factors of arotwal and the effects of knowledge of results upon arousal. They are
shown to be covisstcnt with other autonomic nervous system studies of short term recall.
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400 Gale, A., Spratt, G., Caristie, B., & Smallbone, A. Stimulus complexity, EEG abundance
gradients, arid detection efficiency in a visual recognition task. British Iournal of
Pch M, 1975, 66, 289-298.

Occipital EEG was monitored while subjects inspected 27 projected patterns. The
number (N) and variety (V) of elements in the patterns were varied systermatically. There were
three levels of N (6, 12, or 24 elements) and three levels of V (circles, squares or hexagons
occupying all, one half or one third of the element locations for all leve! of N). Subjects were
instructed that they would be required in a post- test to recognize the pai.terns, among patterns
which had not appeared; they were also informed that the patterns had been constructed
according to a set of simple rules, but the nature of these rules was not made fully explicit. The
EEG was quantified by means of low-frequency analysis, yielding measures of abundance (theta,
alpha and beta) and mean dominant frequency. For the recognition task, nine stimulus items
were embedded among 45 items. Recognition efficiency was measured by means of the signal
detection theory discrimination index (dj, The results were as follows: (i) Both N and V were
inversely related to alpha abundance (P 4 0.01); (ii) the strongest relationship between stimulus
parameters and the EEG held for N and EEG beta activity (13.5-19.5 Hz; P < 0.001), where again
the EEG and N were inversely related; (iii) there was a significant (P < 0.03) Oirect relationship
between N and theta activity; Jiv) contrary to prediction, mean dominant alpha frequ -ncy
decreased as N increased; (v) d correlated significantly with a number of effects for N, ie.
subjects who exhibited greatest EEG discriminability of items during exposure of the ratterns,
subsequently obtained the higher detection scores in the recognition task. The work ejescribed,
therefore, demonstrates that not only do stimulus parameters have systematic effects upon brain
activity as measured by the EEG, but tnat such effects have functional value and reflect, aspects
of efficiency. The results are fully compatible with arousal theory constructs relating
physiological reactivity and performance.

400 Galin, D., & Ornstein, R. Lateral specialization of cognitive mode: An EEG study.
Psychophysiolory, 1972,9 412-418.

We have studied EEG asymmetry in normal subjects during verbal and spatial tasks.
Recordings were made from the 'eft and right temporal and parietal areas, and the ratios of average
power (1-35 Hz) in homologous leads T4 /T 3 and P4 /P3 were computed. This ratio (ripght over
!eft) was greater in the verbal tasks than in the spatial tasks. With this measure we have been able to
distinguish between these two cognitive modes as they occur in normal subjects, using simple scalp
recording.
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410 Galin, D., Ornstein, R., Kocel, K., & Merrin, E.Hemispheric localization of cognitive mode
by EEG. Psychophvsiology, 1971,L 248-249. (Abstract)

During verbal tasks the integrated power in the left hemisphere was less than in the
right, and during spatial tasks the integrated power in the right hemisphere was less than in the
left. The results were not affected by whether the eyes were opened or closed, or by eye
movement, or by whether the task involved motor output.

Dividing cognition into these two major modes (verbal-analytical and
spatial-synthetic) was suggested by observations on brain-injured, neurosurgical, and "split-brain"
patients. We have been able to distinquish between these two cognitive modes as they occur in
normal Ss, by using simple scalp recording.

411 Gambashidze, G. M. [The significance of the diurnal rhythm of physiological functions in
evaluating the efficiency of workers in industries operating a three-shift system.i (In
Russian) Gigiena Truda i Professionalnye Zabolevaniia, 1961,6, 13-18.

Investigations in connection with factories operating a three-shift system were
carried out in the course of different shifts and at home, during periods of rest. Evidence showed
that the efficiency of the workers is determined both by the effect of the physiological diurnal
rhythm and by the nature of the tasks performed. It was also found that the diurnal rhythm of
physiological functions remains unchanged under high ambient temperatures. Comparative
investigations carried out at work-places and at home showed thai increased efficiency of workers
engaged in three-shift operations can be obtained only by ensuring that they have adequate rest.

412 Gancev, G. N., Ganceva, P. N., & Koiceva, V. G. Funther on the variability of physiological
functions. Work_.s of be Scientific Res-earch Institute of Labour Protection and
Occupational Diseases 1969, 17, 9-12.

Investigation on the variability of pulse frequency during the performance of a task
involving a choice and accompanied by neurosensorial or mental tension. In the course of studies
involving a riven group of persons making a choice or counting over a period of 5-6 days, the
authors found that the variability of pulse rate increased whilst the task was being carried out and
as the precision required increased. They also found that the information processing rate
underwent a similar change as the subject became familiar with a specific task.

154

A l



413 Gang, M. I., & Teft, L. Individual differences in heart rate responses to affective sound.
Psychophysiology, 1975, 12,423-426.

Lacey, Kagan, Lacey and Moss (1963) distinguished between the effects of feedback
frum the cardiovascular system and from othet autonomic systems and suggested that heart rate
(HR) acceleration should be associated with stimulus "rcjection" and HR deceleration with
"attention" or stimulus "acceptance." The present study quantified certain attributes of the
sound of the high speed dental engine and tested the effects of this sound on HR and measures of
hostility, depression, and anxiety. The study tested the findings of Lacey et al. (1963) and
Obioist (1963). Thirty-eight females enrolled at the University of Bridgeport were assigned to one
of four groups predetermined by a questionnaire investigating their past experienice and
familiarity with the dental engine. Heart rate and measures of hostility, depression, and anxiety
varied directly with the subjects' familiarity and subjective experience with the acoustic stimuli.
Heart rate was found to be more accelerated in subjects who had less experience withi and who
rated the acoustic stimulus as more unpleasant. Similarly such subjects demonstrated higher
scores on 4nxiety, depression, and hostility scales.

414 Gantchev, G.; Danev, S., & Koitcheva, V. La frequence cardiaque au cours d'un travail de
diffcrente responsibilite et sa correlation avec la quantite de I'information recue et
elaboree. ICorrelation of heart rate with responsibility and with the amount of processed
information. I Activitas Nervosa Superior, 1967, 9, 25.29.

A positive correlation was found between heart rate and (1) the degree of
responsibility (banknotes of diffev., amounts were counted), and (2) the amount of
information per operation (the number of discriminated signs ot the probability of individual
signs was varied).

415 Gantchev. G., Danev, S., & Koitcheva, V. La correlation entre la frequence cardiaque et la
quantite de l'information. IThe correlation between heart rate and the quantity of
information. I Ajts du Troisieme 2 de Ia Societe d'Erxonomie de Lanpue Francaise,
Bruxelles: Presses IJniversitaires de Bruxelles, 1968, 352-355.

The results indicate that heart rate increases with the quantity of information. This
correlation was establisned for aqu;ntity of information between 1 and 4 bits, produced by
increasing the number of signals, and between 1.18 and 2.45 bits by changing their probability.
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416 Garcia-Austt, E. Influence of the states of awareness upon sensory evoked potentials.
Electroencephalography and Clinical Neurophysiolcogy, 1963. S'applertlent 24, 76-89.

In every case, the slaickening' Of Attention resulted in a decrease of the Amplitude of
the evoked responses or in their disappearance when the test stimulus was not very intense. The
photic response evoked by a single flash in inan and in the rat was repetitive dlu ing focussing of
attention and was simplified during distra~ction from the stimulus. During habituation. the
decrease of the response followed a function that may be expressed as the Addition of A
short-period (2-4 min) oscillizing function pliis a monotonic decreasing function of great
amplitude.

Attention toward some other sensory pattern, or intense mental activity pro.'oked A
decrease of amplitude, or a disappearance of the evoked potentials. The enhancement of
attention by association with some other stimulus, LV~ time conditioning, or by "concentration"
induced the opposite effect. Similar changes were also observed in the action potential of the
auditory nerve in the unanesthetized and unrestrained guinea pig.

417 Garcia-Austt, E., Bogacz, I., & Vanzulli, A. Effects of Attention znd inattention upon
visual evoked response. Electroencephalography -6 Lijnl Nuohioloy 1964. 17.
136-143. alNughs Ii

In 98 experiments carried out in 87 normal Ss, changes of the visual evoked response
(VER) provoked by modifications of attention were studied. The VCR was detected on tile scalp
of the occipital region by a photoelectric analog computation metho~d. Interference by other
stimuli of different or identical sensory modality provoked in the nonliabituated S a1 reductionI in
VER amplitude. Performance of a mental calculation task had the stmc effect. The forced
focussing of Attention provoked an increase in the amplitude ol VCR. Tile ilfluence of
habituation upon the changes was v'ery clear. After habituation forced fkCxussng of attentionl.
interference by other stimuli as well as changes in the characteristics of the habituAted stimuli
provoked an increase in the amplitude of VER. A correlation Was establish'ed between VIR
changes, and subjective experience.

418 Garcia-Ausit, E., A Buno, W.,, Ir. Relationships between visual evoked iespulses and Some
psychological processes. In C. R. Evans & T. B. Mulholland (Eds.). A.Mtentuuno in
neurphyiology. London: Butterworths, 1969.

1) The Occipital Visual Evoked Response (OVER) is ai,timtitimt with %&Wh1C
processing of specific visual information, the designation of 'visual rcsponse* being tevloterd
pertinent. In the occipitAl regions this wave is not replicated by auditorý stimuli. 11% wj~eltotn
varies on changing the processing of visual information. The spatial characteristic% of thle -tumuli
influence the waveform of the response. H-owever, we showed that fto maintain tile difirrern 's
determined by two differen! %timuli it is necessary that the interest and Attention of thle ,-uhlest 1u
maintained. When the individual is comparing the relative lunionince of two successivestml..
double-rieak positive tiroess develops with almost the saM%: litencs as thiat oi [lie "o~keJ
response. Thisi process change% the waveform of the response in A characterituL pattern.

2) 1he positive vo'rtex response (PVR) is AI*Aý s present wit~i .t,1 t~jle A
programmne, no) mattet how simple, and is independent of thle %timulto. -nodaluts 1 his wAjc
appear% with A iclatively constant latcnc% once the programme o4 task has been completed It
Augments ionsiderably with uncertainty and, in general, with the inicreAsed itomplexit% of thc
programme. Under certain circumstances the PVR can he %er" simila, to thle OVI R but it%
variations with thie task changes ire very different. It is the wave Af the .c O wr.ied tosk. I%
might he thle expressioii of the resci of the .uhlet tive programme.
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3) Finally, the contingent negative variation has been recorded in the vertex and in
the frontal region but also occasionally in the occipital region. In these regions it may have a
different temporal course. This wave is observed at the beginning of the performanze with

whatever task, ever the simplest. The existence of an 'imperative' stimulus is not indispensable.
We are not sure whez.•er tO1is wave could be always correlated with cxpectancy. In some instances
the negative variation subsides before the beginning of the next task, when expectancy should be
maximal.

419 Garcia-Austt, E., Buno, W., Jr., & Handler, P. Changes of occipital evoked response during
luminance discrimination in man. In E. Donchin & D. B. Lindsley (Eds.), Avwrma evoked

:otentials Methods, results And evaluations, Washington, DC: US Government Printing
"Office, 1969.

The findings described, together with the fact that we are concerned with a
lonik-latency response, sugest that the occipital VER is not related directly with the crude
cortical visual flow. It has been postulated that this response is unspecific and may be obtained
with ,.%milar features torough auditory stimulation (Ciganek, 1967). Under specific conditions,
an auditory evoked response may be recorded over the occipital region using low-intensity clicks
(GarciaAustt, 1967). Despite their colaracteristics and conditions of appearance, they are very
different from tle visual evoked response. The occipital VER recorded with the foregoing
characteristics is therefore regarded as related to, or concomitant with, the specific processing of
the visual information and differing considerably from the responses recorded at the vertex,
which are unspecific and related to a more advanced stage of information processing.

490 Gardener, M. F. Changes in evoked electrical activity at the scalp of man associated with
chance in a stimulus-analysis task: A study employing step-wise discriminant analysis
(Doctwral dissertation, University of California, Los Angeles, 1969). Dissertation Abstracts
International, 1970, , 3845B - 3846B. (University Microfilms No. 70 - 2204)

Analysis produced evidence t:lat in all four data analysis sets, change in task
situation was aswociated with a change in the average of EEG activity time-locked to presentation
of physically similar stimuli, and also a change in the relationship between stimulus loudness and
activity time-locked to stimulus presentation. Evidence was also found that change in task
situation was associated with change in relationship between stimulus frequency and activity
time-locked to stimulus presentation, in the two sets obtained under condition "A." The results,
though based on a relatively small a nount of data, showed some encouraging consistency for all
the data that was analyzed. The most consistent of such apparent changes in activity, associated
with change in task conditions, were observed at lags between 200 and 600 ms after stimulus.
Control studies suggested that these changes could not be accounted for by potentials associated
with the motor acts used in reporting discrimination decisions, and were not generated by eye J
blinks or eye movements. They may perhaps indicate differences in physiological processes by
which the stimuli are analyzed, and a decision reached, in these different task situations.
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421 Gardiner, M. F., & Walter, D. 0. Differences between human evoked potentials elicited by
the same acoustical stimuli during loudness discrimination tasks and pitch discrimiration
tasks. In E. Donchin & D. B. Lindsley (Eds.), Averag evoked potentials: Methods, results
and evaluations. Washington, DC: US Government Printing Office, 1969.

In this paper I have made the underlying assumption that, for the time being, wV
should proceed in human evoked potenti-' research as if horizons are limitless. However, even if
this be the case, it cannot be realized without systematic and precise attention to all three
domains of variables that enter into the evoked potential experiment - ndmely the stimulus, the
physiology, and the behavior. In this paper, I have limited myself to the problems of specification
and definition of one of these three domains - the psychological or behavioral domain. I have
outlined some problems in the psychological domain that are particularly relevan? to evoked
potential experiments that have been done, or problems that are potentially serious in areas
which some of us have begun to research.

In the first section, I have emphasized the importance for evoked potential research
to obatin data in all three domains in the same set of trials. I have given an example of how this
approach assisted i:n the interpretation of our uncertainty experiments. I have also discussed an
example of the problems that arise when one attempts to make quantitative comparisons
between psychological and physiological data.

In the second section, I have pointed out some of the problems that arise form the
need to repeat stimuli required by the averaging method. This requirement has ramifications
which (1) affect the ultimate interpretation of evoked potential data, (2) necessitate
randomization of experimental ,onditions in order to avoid contamination because of
habituation, fatigue, boredom, attentional drift, or the formation of inadvertent expectations by
the subject, and (3) impose serious limitation; on experiments concerned with the meaning of
stimuli. It is also suggested that the spatial averaging that, is a by-product of recording from scAIp
makes it highly desirable that the behavioral design of experiments be as simple as possible.

422 Gastaut, H., & Bert, J. Electroencephalographic detection of sleep induced by repetitive
sensory stimuli. In G. E. W. Wolstenhomme & M. O'Connor (Eds.), The nature of sleep.
Boston: Little, Brown, 1961.

Modern life creates many situations in which the problem of vigilance arises. At the
same time, in a legitimate concern for improved conditions of work, comfort is often one of the
objectives. When an individual guarding a post of safety is situate,, as he often is, in a silent place
and in a comfortable armchair, one must obvioutly avoid ad•4inv the hypnotic effect of
rhythmical s,!nsory stimuli. Thus a loud electric clock, an air conditioner or the regular flashing
of lights on a control panel may provide stimuli jus; as effective as those applied experimentally
in this work.

In maii's effort to adapt himself to his living conditions, the EEG can play a part
which has not yet been recognized. It is not a questioni here of selecting the best pilots or the best
controller for an atomic station. It is a matter of looking for the optimum conditions in which
the nervous system may function in situations which arc clear-cut and in relation to
well-established goals. In this context the posible identification by the EEG of inditiduals with a
marked "internal inhibition" and a tendency to fall asleep through the me,-hanism of lepctikive
"inhibition", may render a valuable service.
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423 GastauL, H., Gastaut, Y., Roger, A., Corriol, J., & Naquet, R. Etude electrographique du
cycle d'excitabiiite cortical, [Electrographic study of the cortical excitability cycle.1
Electroencephalography and Clinical Neurophysiology, 1951, 3, 401-428.

The "Cycle of Excitability" cons~stsin the whole of the modifications of excitability
of a neuronal population following a preliminary excitation. The authors have studied the
excitability cycle in men and in animals by means of photic conditioning ai;J ttst stimuli. They
describe the form and value of the characteristic points of the curve which represents this cycle
and they discuss the theoretical significance of thiscurve according to the parameters of time
and amplitude, thus deriving certain criteria of excitability. by increasing progressively the
interval between the conditioning ara test stimuli, one finds first an absolute refractory period
(20 msec) of the cortex, then a relative refrkctory period (40 msec) followed by alternative
periods of increased and decreased excitability (120 and 220 msec). The time taken by the two

* refractory periods represent3 the time of recuperation of transitory normal excitability. The time
t.aken by all the periods of the whole cycle represents the time of recuperation of definitely
normal excitability.

" , The refractory periods (recuperation time) could serve as a measure of a "time
constant" of a neuronal system, i.e. it characterizes the ability of a neuronal system to respond
Smere or less quickly" to repetitive stimulation. The average amplitude of the "conditioning
curve" depends on the ability of a given system to respond "more or less strongly" to a single
stimulus (degree of neuronal synchronization). The averaga amplitude of the "test curve"
expresses a post-excitatory state of subnormality (or supernormality).

424 Gastaut, H., Regis, H., Lyagoubi, S., Mano, T., & Simon, L. Comparison of the potentials
recorded from the occipital, temporal and central regions of the human scalp, evoked by
visual, aL "tory and somato-sensory stimuli. Electroen, )halography Ind Clinical
Neurophysiology, 1967, Supplement 26, 19-28.

The authors have studied the potentials evoked by visual, somato-sensory and
auditory stimuli recorded siriultaneously from surface electrodes at the inion, in the occipital,
temporal and parietal regions and at the vertex, using an ear electrode a3 reference. The integrator
used was the Alvar Mnemograph. The results showed that for visual and somato-sensory responses
the first deflections ', II and III occurred predom;nantly or exclusively in the corresponding
specific regions. Conversely, the late parts of these responses diffused over the whole scalp. For
the visual evoked potential it could be seen that component Vc spreirl the most, corresponding
with wave P1 at the vertex.

Auditory stimuli did r.ot seem to give a specific response but rather a non-specific
response predominant at the vertex. One of the results of this Ftuay was to show the similarity
existing between the vertex responses obtained with different modes of stimulation, which
warrants a further warnrig- from theauthlors against the use of the vertex" electrode as reference.
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425 Gatchel, R. J., & Lang, P. J. Accuracy of psycho physical judgments and physiological
response amplitude. Journal of Experimental Psychology, 1973,.98, 175-183.

Investigated the effects of an auditory judgment task on physiological responding in
2 experiments with 10 male undergraduates each. Ss were instructed to discriminate pure tones
varying along a particular stimulus dimension. The stimulus set in Exp. I consisted of 5 tone
intensities. In Exp. II, 5 tones diffeting in frequency were presented. In both studies, the
difference between the ihitiai acceleratory peak and the subsequent deceleration of the cardiac
wave form reliably differentiated between stimuli on the basis of judgmental accuracy. Cortical
slow-wave activity recorded in Exp. II covaried with accuracy of descrimination.

426 Gautier, H., Hanotel, H., & Hugelin, A Niveau de vigilance et type des mouvements
respiratoires chez I'Homme eveille. ILevel of vigilance and type of respiratory movements
in waking man.] Journal de Physiologi, 965, 57, 246.

In experiments on 17 adult Ss, vigilance was estimated by EEG, GSR, and
heart-rate measurements. Respiratory activity was assessd by pneumotachography and rapid
analysis of expired CO 2 . Vigilance levels were manipulated by a series of tasks. The results are
entirely consihtent with previous animal research. Changes in vigilance characteristically go with
shortening of expiration, and then an increase in the slope of inspiration. Tidal volume is
unchanged during brief changes of vigilance, and diminishes during sustained altention. The
effects of aplea are shown to be notably different.

427 Geldreich, E. W. Some physiological concomitants of mental work. Psychologica(
Monographs, 1953, 67 (8, Whole No. 358)

The average rates of respiration and heart beat are significantly greater during the
mental work of color naming than during either the continuous work of random pressing of a
psych'rgometer keyboard or gazing at serially presented colors.

Relative b!ood pressure significantly increases during color-naming work but
significantly decreases during continuous keyboard-operating work and during continuous passive
sensing of serially presented colors.

The level of palmar conductance maintained during the different forms of . rk is
related to the task dif' culty, the degree of alertness, the amount of bodily tension, and the
amount of energy mobii.zed to respond to the task situation.

A true control base line for physiological activities of minimal mental alertness is
difficult to maintain foi young adults for a period longer than ten minutes without thc intrusion
of sleep. All records of physiological responses of art hour of mental repose show a continuous
slight decline for the first half hour before the true base line of physiological activity appears.

The changing rates of respiration and heart beat, and the changing level of palmar skin
conductance during continuous color-naming work are positively correlated with the changing rate
of color naming and negatively correlated with the changing frequency of blocking.

Changing physiological act ities reflect cnanges in energy mobilization. As
'xulor-naming work output decreases, the amount of energy mobilized decreases. Mental work
output is a function of the momentary mobilization of energy, the momentary and previous
conditions of the circulatory and neuromuscular systems, and the momentary receptivity of the
subject to further stimulation.
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The changing association between galvanic skin responses and color-naming blocks
indicates the existence of at least two types of blocks: galvanic and non-galvanic.

Galvanic blocks are large blocks or "block groups" which result from momentarily
shifted attention and reduced alertness. The subject is quite aware of this block and is -forced by.
the task pressure to reorient attention to the immediate stimulus.

The nongalvanic block is more automatic and spontaneous in its production. The
subject responds as though the blocked response were a normal variation in color-naming reaction
time. This type of block is more a function of response competition than is the galvanic block. As
alertness diminishes, loss of control is evidenced by the increasing frequency of nongalvanic
blocks.

428 General discussion: Future research needs. In W. P. Co!quhoun (Ed.), Aspects of human
efficiency: Diurnal rhythm and loss of sleet. London: English Universities Press, 1972.

An open forum on future reseaich needs was held at the conclusion of the-

symposium. The following topics were discussed:

1. Outstanding problems in theory and application.

2. Tests for use in experimental studies.

3. Problems of methodology and analytical techniques (Particularly time-series
analyses).

4. Selection of appropriate subjects for experiments.

S. Organization of research effort, and its financial and logistic support.

429 Gengerelli, J. A.,& Parker, C. E. Spectrographic analyses of EEGs under conditions of
alertness an" -elaxation. Journal of Ps cholo, 1960, 6 67-72.

Analyses of human EEGs were made with a spectrum analyzer under conditio0ts of
perceptual alertness and of relaxation. The range of frequency components studied was from
zero to 30 cps. Comparison of the spectrograms obtained under the two conditions showed a
marked diminution in the amplitude of frequency components below 15 cps, but no increasc3
anywhere in the spectrum. In some subjects there was diminution in amplitude in the high
frequency components also, but this change was quite small.

480 Genkin, A. A. Srednli uroven' asimmetrii diltel' nosti faz al'fa ritma i skorost' perei-abotki
informatsii v"zritel" no.motornoi sister.-tA-verage- level -6- /Thr-Fty 1tf t oT ph~ase
duration of alpha-rhythm and the rate of information processing in the visual-motor
system.] Biofizika, 1965,10, 868-873.

"The data suggest that !he "electric processes registered from the surface of the head,
exhibit not only a reflection of certain summated phenomena, corresponding merely to the
course of specific piysiological processes, but are connected witi mechanisms of information
processing in the cerebral cortex." In any case, statistical analysis of the length of the ascending
and descending phases of the EEG discloses new possiblities for correlating neurophysiological
and psychological phenomena.
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431 Genkin, A. A. Sposob razlicheniya signalov EEG pri raznykh vidakh umstvennoi aktivnosti.

[Method for discrimination of EEG signals in various forms of mental activity.] 8yulleten'
Eksperimental' noi Biologii i Meditsiny, 1969, 67, 120-123.

Twenty-two 17-35 yr. old Ss were employed in a study of the intformational
capacity of a number of statistical indices characterizing the duration of the phdses of single EEG
waves and their connection with amplitude as a result of which it proved possible to isolate such
indices of the EEG as would permit one to distinguish the EEG reactions during arithmetic
calculation and during mental picturization for groups of people, regardless of the spontaneous
activity of the EEG and its cha.nges induced by mental activity. The discriminatory algorithm
utilized is based cn the ratio of likelihood to 2-dimensional probability-density. The data of the
study are viewed as proof for the coding, in the EEG, of the neurophysiological processes which
are involved in the organization of mental activity.

432 Genkin, A. A. Razbienie na klassy psikhofiziologicheskikh svoistv, oinovannykh na
vzaimosvyazi povedencheskikh, elektrokorkovykh i elektroko7hnykh indikatorov. .

[Classification of psychophysiological characteristics, based on interrelationships of
behavioral, electrocortical and electrocutaneoui indices.] Doklady Akademii Nauk SSSR,
1970, 19__2, 1363-1366.

Nine phiysiological and psychological measures were taken on 18 adult Ss and
correlated. The only significant correlations were those between the rate of information
transmission in the visual-motor system and the average level of asymmetry of the duration ofphases of parieto-occipital EEG during a 60-sec interval (.65) and between average GSR and the

average EEG zycle during a 60-sec interval (.68). The nonsignificant correlations were due to
groups of Ss whose data differed in opposite directions.Thus, the interaction of differences in RT
-o auditory signals of different intensities. EEG asymmetry, and shift in GSR underinstructions was found to be due to the existence of Ss with "weak" and "strong" excitatory

processes. Ss showing positive t-orrclation between number of errors in a cancellation task and RT
also showed a slower EEG, a higher level of EEG asymmetry, and a higher level of GSR in
comparison with their complementary counterparts. Results are discussed in terms of the
temperamental types of Teplov and Nebylitsin.
433 Gerathewohl, S. J. Definition and measurement of perceptual and mental workload in
aircrews and operators of air force weapon systems: A status report. In B. 0. Hartman (Ed.),
Higher mental functioning in operational environments. AGARD Conference Proceedings No.
181, 1976. (Available from: National Aeronautics Space Administration, Langley Field, Virginia
23365, Attn: Report Distribution arid Storage Unit)

The definition and measurement of perceptual and mental workload in pilots and
aircrews becomes :ncreasingly important, because of the introduction of new and sophisticated
equipment anc4 procedures into aerial warfare. It is rccognized that every mission places certain

..... .... l Lanrd mental, demands on the pilot and the criw, which depend on a variety of variables
and conditions. Moreover, every mission involves certilr tasks, which are either flight oriented or
combat oriented. This classification lends itself to a definition of activities as primary or
secondary tasks, which has been successfully used in experiments for quantitative determinations
of workload.

Th.- determination of pilot and aircrew workload using psychological, physiological,
and operational criteria has yielded valuable results. Methods used in civil aviation can be applied
with appropriate modifications to military problems. However, workload measurements
associated with highly complex and demanding conditions are still difficult. Data are not
availab.e from actual combat missions. The results obtained by simulation are promising and may
bc improved by the standardization of methods and the application of statistical approaches and
mathematical models.
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434 Gerathewohl, S. J., Chiles, W. D., & Thackray, R. I. Assessment of perceptual and mental
performance 'n civil aviation personnel. In B. 0. Hartman (Ed.), Hig her mental functioning
in operational environments. AGARD Conference Proceedin , No-. I b1, -Availalc
from: National Aeronautics Space Administration, Langley Field, Virginia 23365, Attn:
Report Distribution at id Storage Unit)

Series of experiments were conducted at the Civil Aeromedical Institute of the FAA
in Oklahoma City, Oklahoma, in order to study functions of relevance to aircrew, pilot, and ATC
performance. They concerned the assessment of mental functions and complex performance on
single operators and five-man crews while monitoririg static and dynamic processes, of
perceptual-motor trac•king ability, as well as group pr.blem solving. Operator proficiency wai
measured at various levels of demand induced by the simultareous performance of different
combinations of tasks, requiring the extrcise - psychological and mental processes. It was found
that multiple task performance varied significantly ;s a function of information input and group
interactior.. Substantial correlations were obtained between perceptual-motor type problem
"solving and mental ability tests. Moreover, the results obtained from two tracking tasks suggest
that a central process exerts a regulatory influence on a variety of physiological variables during
increased attention demand and, furthermore, a correlation exists between the ability to sustain
attention and personality characteristics of the operator.

4315 Germana, J. Response characteristics and the orienting reflex. Journal of Experimental
Psychology, 1968, 78 610-616.

Habituation of the orientins, reflex (OR) is typically treated as a kind of stimulus
learning. The results of 3 eAperiments employing the GSR indicate, however, that (a) stimul,
which have behavioral associates prodi'ce greater ORs than those which do not, (b) "new"
behavioral issociations produce greater ORs than "old" associations, i.e., selective habituation
occurs to response characteristics and, (c) level of ORs across habituation trials isa adirect function
of the amount of response information to be encoded. It appears, therefore that the "neuronaý
model" of a stimulus includes the characteristics of associated responses.

4W Germana, 1. Differential effects of interstimulus interval on habituation and recall scores.
Psychonomic Science, 1969, 17 73-74.

Habituation of the orientirng reflex (00R) may be viewed as a simple or model form
of learning. Prevou3 research (Germana, 1968) has demonstrated that habituation of the OR may
take the form of conventional 3t~mulus-response learning anti suggested the present comparison
between habituation and a behavioral recail rwesure. Habituation to a 10-digit number was ar,
inverse function of interstim.;lus interval (ISI), whereasr call of the same stimulus, tested aftcr
habituation, did not significantly vary across the range of ISIsemployed. It was suggested that the
effects of IS; on habituation were primarily determined by increased difficulty of encoding rate
of stimulus presentation at increasingly longer ISIs and that behaviorai recall does not reflect this
temporal dimension of stimulus learning.
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37 Germana, J. Effects of behavioral 'esponding on skin conductance level. Psychological
Reports 1969, 24, 599-605.

The effects of behavioral Pesponse requ;rements on skin conductance level (SCL)
were studied. Initial Ss were placed in either a"non-respond" (NR) or a "respond" (R)
condition. No clear effects were observed other than large differences in individual response to
both conditions. Subsequent use of a within-Ss replication design showed, however, that
behavioral requirements have a tonic effect on SCL and that anticipatory changes in SCL may
occur prier to the R condition. The results support the h'rpothesis that autonomic and behavioral
events are essentially integrated and, in addition, suggest the efficacy of the within-Ss replication
design in treat!ng individual differences.

43 Germana, I., & Chernault, G. Patterns of galvanic skin responses to signal and non-signal
stimuli. Psychophysiolog, !968, 5_, 284-292.

Reports 2 studies investigating the specific ,eatures of GSRs to signal and nonsignal
stimuli. The results of Exp. I, with 25 undergraduates, indiczte that stimuli which have instructed
behavioral associates (signal significance) produce GSRs which are both multiphasic and relatively
persistent in nature. Multiple GSRs are produced by the initial presentations of a signal stimulus;
the persistence of the overall response has at least a short-term effect on baseline. Exp.ll, with 14
undergraduates, studied the possible independence of these 2 characteristics through the
manipulation of response certainty. The results suggest that multiplicity and persistence may be
separable features of the response to ignal stimuli in which the latter may be a correlate of
response novelty.

430 Giarinitrapani, D. Electroencephalographic differences between resting and mental
multiplication. Perceual and Motor Skills, 1966, 22, 399-405.

Average frequency of 30 sec of EEG tracing for resting and mental multiplication
(thinking) states was determined for 20 Ss by counting each visually detectable change in pen
deflection regardless of amplitude. Rtsults showed' (1) -thinking gave higher average activity
scores than resting; (2) the difference in average activity between thinking and resting was
greatest in the 2 fiontal and left temporal areas and was significantly different from other area
differences; (3) in the resting state there was a difference between left and right frontal and
temporal areas (which increased while thinking) in contrast with a left-right symmetry of the
other areas tested. These findings are interpreted as representing characteristic average activity for
the areas and conditions tested and are offered as evidence for the differential utilization of brain
areas in the given .asks.
440 Giannitrapani, D. Frequency analysis of the EEG under different behavioral states.

Electroencepha!ogrhy and Clinical Neurophysiology, 1969, 27,694. (Abstract)

Arithmetic showed increase in fast activity (21 to 33 c/sec) bilaterally, anteriorly
more in prefrontal areas; for Noise, an increase in fast activity (23 to 31 c/sec) in prefrontal and
temporal areas bilaterally. Mu3ic simulated Noise but more weakly, with decrease at 19 C/sec and
increase at 33 c/sec in the left occipital area. Voice simulated Noise, but in slightly higher
frequency bands (27-33 c/sec). Voice also showed a decrease in alpha activity in the R. post
temporal and R. occipital areas, and dzcrease in 19 and 33 c/sec in the L. occipital area.

The two visual conditions showed overall changes in the prefrontal, temporal, post
temporal, parietal and occipital areas, as well as selected changes in other areas. The relevance
of these findings in light of current neuroaratomical knowledge is discussed.
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441 Gibson, D., Baker,; G., & Rathie, E. Effects of size-brightness and complexity of
non-meaningful stimulus material on EEG desynchronization. Pschonomic Science, 1967,
8,503-504.

Latency and duration of EEG desynchronization were measured while Ss were
exposed to nine slides varying in complexity and size-brightness. There was a positive relationship
between duration of EEG desynchronization and the simple stimulus impact variable but no
effect due to nonmeaningful complexity levels. There was no relation between duration of
latency period and either stimulus complexity or size-brightness. The results were evaluated in
the context of the "collative variables" hypothesis and the alerting scanning, and integrative
postulates for EEG desynchronization phenomeoia.

442 Gibson, D., & Hall, M. Cardiovascular change and mental task gradient. Psychonomic
* Science, 1966,6, 245-246.

Twenty-four Ss in 2 groups engaged in 3 intensity dimensions and 2 duration
dimensions of problem solving for a Laccy type "silent elaboration" task. One group performed
under a white-noise environment and the other under a silent environment. The results indicate
that contrary to general expectation, difficult mental tasks are associated with less heart-rate
acceleration than easy mental tasks. These findings obtain under the white-noise condition only.
The results are considered in relation to the Lacey formulation and arousal theory.

443 Glanzer, M., Chapman, R. M., Clark, W. H., & Bragdon, H. R. Changes in two EEG
rhythms during mental activity. Journa of Experimental Psychology, 1964, 68 273-283.

Two sets of tasks - mental addition tasks and concept tasks - were given to 12 Ssand the effects of these tasks on 2 EEG rhythms kappa and alpha- -observed. On the mental
addition tasks the difficulty of the task was shown to increase the output of kappa significantly
but not the output of alpha. On the concept task, however, the difficulty of the task was shown
to depress the output of alpha significantly. The results for kappa, although highly consistent for
each individual, did not show any consistent pattern from 1 individual to another. It was
suggested that the effects of mental tasks on kappa and alpha are specific to the sense modality
involved in the task.

444 Glass, A. Mental arithmetic and blocking of the occipital alpha rhythm.
Electroencephalography JClinical Neurophysiology, 1964, 16, 595-603.

The relation of EEG blocking induced by mental arithmetic to the latency and
correctness of response has been investigated in 58 Ss by a meth3d of measuring intensity of
blocking based on the rate of change of potential (r.c.p.). Errors in arithmetic were associated
with a high r.c.p. befo e and during the task. Long latencies were generally associated with low
r.c.p. but Ss who blocked intensely responded rapidly. These results were interpreted in terms of
EEG mechanisms wh',.h may participate in the control of behaviov.
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445 Glass, A. Comparison of thi effect of hard and easy rental arithmetic upon blocking of
the occipital alsha rhythm. Quarterly Journal of Experimental Psychology, '1966, 18,
142152.

The intensity of blocking of the alpha rhythm of the EEG induced by the solution
of S hard mental multiplications was compard with the intensity of blocking induced by 5 easy
ones in 36 normal Ss. Two apparently conflicting hyn3theses were examined: (1) blocking wo'ild
be nrore intense in the hard tasks, if theiL solution required increased mental concentration, and
(2) insofar as "higher thought" proces.es are more extensively required in the -olution of hard
tasks, then blocking would be less interse in hard tasks than in easy ones. It %is found, however,
that blocking was of the same intensity in tasks of both kinds. Hard tasks differed from easy ones
with regard to the relation of EEG changes and performance. It is thought that different
mechanisms may urderlie the solutio-a of the 2 types of task.

446 Glass, A. "ntensity of attenuation of alpha activity by mental arithmetic in females and
males. Physiolor,¢ and Behavior, 1 9%, 3 21 7-220.

The EEGs of norm&l men and women have been compared by measuring the effects
of mental arithmeiic on alpha activity. A pre-recoided male voice posed 24) multiplicatVons and
additions while alpha prevalence with eyes closed was registrred automatically, before (alpha 1),
and during (alpha 2), calculation. Average alpha 2 in females was significantly lower than in males
by 19.1 per cent. Alpha 1 of males (67.1 percent) was higher than in females but the ratio alpha
2/alpha 1 declined significantly in females. Thus the intensity of attenuation of alpha activity to
the same problems was greater in women than men. Hormonal or psychological causes for these
findings are discussed in the light of earlier studies and their significance is assessed in relation to
possible differences :n cerebral function between mile and female.

447 Glass, A., & Kwiatkowski, A. W. Power spectral density changes in the EEG doring mental
arithmetic and eye-opening. Psychologische Forschung. 1970, 33, 85-99.

The effect of mental arithmetic (standard multipliation, with eyes closed) and
eye-opening on the power spectral density of the EEG (recorded bipolarly from occipital and
parietal regions) have been compared. The EEG was recorded on magnetic tape from normal I
subjects, imedical students) in a constant environment and subsequently analysed by an analogue
computer (Noratom Instrument ior Statistical Analysis and Computation, ISAC).

Absolute measurements made from 15 subjects with eyes closed have shown that
peaks of power at 10 Hz vary from 9 to 46 pV2 , per Hz. Qualitatively, suppression of power at
10 Hz is greater due to eye-opening than mental arithmetic.

Analysis of pooled power spectral density functions fcom 1 1 subjects showed that
the effect of eye-opening diVfered significantly from the effect of mental arithmetic at 2.5 and
12.5 Hz. Suppression of lower frequency alpha activity was moie pronounced during calculation
than during eye-opening. Compared with the eyes closed condition, eye-openirg showed a highly
significant suppression at 1Q and 12.5 Hz (alpha activity) and from 15 to 25 Hz (beta activity).
Mental arithmetic induced significant suppression at 7.5 and 10 Hz and from 15 to 30 Hz.
Eye-opening enhanced lower frequency activity which calculation suppressed.

Variation was greater between first, second and third calculations in pooled power
spectral densities than between corresponding eye-opening epochs. It is suggested that these
differences in effects of eye-opening and mental arithmetic reflect differences in underlying
cerebral activity, rather than that an underlying factor comm in to both effects may be orbital in
origin.
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448 Godaert, G., Kok, A., van Hechten, H., & Driehuis, H. J. De invloed van feed-back van
reaktie-tijden op de reaktie-tijd, "expectancy wave" (CNV) en hart-frekwentie: Specifieke
en niet-specdfieke effekten. IThe reflexive influence of the feedback of reaction time,
"expectancy wave" (CNV) and heart-frequency: Specific and nonspecific effects.INederlands Tiidschrift voor de Psycholovie en haar Grensgebieden, 1973 28,369-388.

Studied the influence of feedback on the attending processes. Ss were 36 16-31 yr
old male candidates for the air service. The effects of the feedback were varying length of the
reaction time (RT), the "contingent negative variation" (CNV), and the variation in heart
frequency. The CNV, measured by EEG, indicated the reaction during the preparatory interval
between the warning signal and the reaction signal or button-pressirg. The CNV was
characterized by the rapid ascent of the EEG during the preparatory interval and a rapid
reduction su~cceeding¢ the reaction signal. A strong deceleration in heart frequency was associated
"with a strong CNV amplitude and a short RT. The conditions were no feedback, random

feedback, and constant feedback. With random or constant feedback the CNV rose but fell with
no feedback. Results indicate no difference between the average CNV amplitude of 2 groups of
quick or slow reactors. Different efects of the feedback conditions on the amplitude of the CNV
were found for tne varying lengths of the preparatory interval. Also the length of the preparatory
interval influenced the contour of the CNV.
440 Goff, W. R. Evokcd Dotential correlates of perceptual organization in mz .. In C. R. Evans

and T. B. Mulholland (Eds.), Attention in neurophysiology. London: Butterworths, 1969.

In summary, I have reviewed the 'state of the art' witli regard to the
neuropsychology of evoked responses relevant to perceptual organization in general, and
attention in particular. I have made some suggestions for further refinement of methodolgy in the
inter?" --f more consistent results from different laboratories. I have discussed the problem of
devL .Jependent measures of the effectiveness of operations designed to alter attention. I
.iavcw _ted t, at attention, at least in its relation to evoked potentials, be viewed in the
perspective of one end of a continuum along which the neurophysiological correlates of
consciousness and the psychological correlates of perceptual organization co-vary. Finally, I have
reviewed e• dence suggestirg that late tvoked response components. most frequently measured in
attention experiments, may not reflect activity mediated by an independent extralemniscal
projection system as previously thought, but appear to be dependent on the integrity of the
lemniscal system at tlh. thalamocortical or cortical level. They may result from, or be generated
by, activity in commissural structures and function in the interhemispheric transfer of sensory
information, oi they may subserve still more complex processes of perceptual organization and
memory. I think it highly desirable that conceptualization of future attention-evoked response
experiments consider possible neural bases for and functional significance of the electrical signals
being measured. Determining that certain evoked response components change in relation to
what we define as alterations in attention is only the first step toward the goal of specifying the
neural mechanisms which permit the biological adaptation of selecting and attending to relevant
stimuli while suppressing other sensory input.
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480 Goff, W. R., Matsumiya, Y., Allison, T., & Goff, G. D. Cross-modality compa.isons of
averaged evoked potentials. in E. Donchin & D. B. Lindsley (Eds.), Ave[ Cy.s d
Aootentials: Methods, result, and evaluations. Washington, DC: US Government Printing
Office, 1969.

In summary, we have discussed the problems encountered in an extensive
cross-modality experiment, which we believe are of general relevance to the conduct of any such
study. We believe that the predomirant need fur cross-modality comparisons and indeed for all
AEP studies is development of standardized techniques so that the work of different laboratories
may be compared directly and accurately, thus minimizing overlap and duplication of effurt. To
this end, we have suggested that toe general use of bipolar recording, especially in the absence of
adequate consideration ot .lac',rnent, introduces confusion and retards progress in AEP research.
We have indicated a common nonscalp reference location that appears to be relatively indifferent
for evoked activity in all three modalities. We have suggested the need for uniformity of
measurement and of component nomenclature and suggested A system which, while we do not
expect its adoption as such, we hope may serve as a basis for achieving agieement. We have
attempted to illuminate the question of sources of variability in AEPs and suggested that this is
intimately related to the serious problem of "contamination" of scalp-reco.,ded AEPs by
extracerebral generators. On the basis of homogeneity in focus and distribution among subjects,
we have designated AEP components that appear to be of cerebral neurogenic origin and
indicated electrode locations for the three modalities that are liLely to record them without
serious distortions from extracerebral sources. Thew. locetions suggest another possible basis for
standardization.

We have adapted the hypothesis that the neuial substrates of sensory information
processing in the auditory, somatic, and visual system operate in similar ways and should thus
produce homologous AEP cemponents. Su. -h homologies are more likely to become apparent
when we have minimized spurious technical variability.

461 Goldstein, I-I. S., Pardes, H., Small, A. M., & Steinberg, M. D. Psychological differentiation
and specificity of response. ]ournal ou, Nervous & Mental Disease, 1970, U.1, 97-103.

Investigated empirically the relationship bvtween field dependence and specificity
of physiological response by use of a vistial attending task which elicited directional
fractionation. GSR and heart rate were recorded from 10 field-independent (FI) and 10
field-dependent (FD) undergraduates before and during a visua! attending peri'xd which consisted
of looking for brief periods at a small light. Results are summarized as follows: (a) directional
fractionation of response was demonstrated for all 20 Ss, (b) the GSR activity of FD Ss was at a
higher level during the resting period than the FI Ss, (c) the GSR activity of the FI Ss showed a
larger rise during the attending period than the FD Ss, and (d) the heart rate deceleration was
larger for the FI Ss than for the FD Ss.
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4S3 Goldstein, L., Burdick, J. A., A Lazsio, M. A quantitative analysis of the EEG. during sleep
in normal subjects. AM P Academ ae ientiarum Hunzaric a, 1970., 17.
291-300

EEG time-course variability was analyzed on 8 adults. The EEG from left anid right
parietal leads was recorded and analyzed from unfiltered amplitude measurements usiiig
electronic integrators. Variaility levels were estimated from valutm of the cumulated amplitudes
in successive 10-second intervals. EEG variability was low.--s during wakefulness and highest
during 5-4. Duiing REM it was above wakefdness. Correlations of variability levels between left
and right leads were highes during S-4 and lowest Juring REM.

413 Golubeva, E. A, & Rozhdcstvenskaya, V. I. 0 sootnoshenii proizvol'nogo zapomiianiya i
niekotorykh psikhofiziologicheskikh pokazatelei. I the relationship between vlluntarN,
remembering and some psychophysiological indices. I Voprosy Psikholoiii, 1969, 1S.
48-59.

1 he present work was devoted to the comparison of the efficiencyv of long 4-hout
memorization of 150 three digit numbers with the subjtects' psychophysiolo.gical indices. The
following indices were used: visual sensitivity, the indices of induction technique, critical
frequency of flicker fusion, critical frequency of sound clicks fusion, the skin resistance level,
characteristics of the skin g4:vanic response, the speed of conditioning and difterentiation,
alpha-rhythm frequency, the summary energy of delta-, theta-, alpha-, beta-I, beta-2 bands.
photo-driving, the latency of rhythmic motor reactions, the duration of rhythmic motor
reactions in EMG and voluntary rhythm. These indices permitted the authors to determine
typological properties -- strength, lability, dynamism of excitation and inhibition as well as to
obtain characteristics of voluntary reactions. It was established that the subjects with good as well
as with poor efficiency of voluntary memorization do not differ significantly by these
psychophysiological indices which are the characteristics of typological properties. It was,
however, found that in subjects who memorized better the latency and tht, duration of EMG
reactions to rhythmic flashes were shorter, and the fall of the orienting GSR was "steeper".
These findings are accounted fo• by the higher level of activation reactions and by the better
verbal, voluntary regulation of memorization in subjects who memorized better.

464 Goodmar, U. M. Ihe effect of oculomotor activity on alpha-blocking in the absence of
visual stimuli. Psychophysiology, 1976, Lo3 462465.

One within-subjects experiment employing 20 normal adults was performed to
examine the effecLs of controlled eye movements in the dark on occipital EEG alpha. The
subjects moved their open eyes laterally toward tones coming from 5 different loud speakers on a
perimeter, in the dark. The amount of alpha recorded from each subject during his eye
movements locating the auditory stimulus was compared with the amount of alpha recorded
during the control condition of eyes open in the dark with tones coming from the perimeter ift

Sspeakers, but with no eye movements. Visual input remained constantly zero during botlh
conditions. Significantly more alpha-blocking occurred during the eye movement ,condition than
during the no eye movement control condition (rejection region=.95). Subsequent tests supported
this finding for each of the 5 eye and loudspeaker positions. The results indicate that a visual
"stimuius is not necessary to produce suppression of alpha, but that controlled oculhmotor

- adjustments are sufficient.



4M Gorbov. F. D., Matova, N. A., & Rozenblat, B. S. K kharakieristike psikhicheskikh
sostoyanii cheloveka v uslozhennykh usloviyakh deyatel'nosti. IThe nature of the im",-tal
stair- in man during complex conditions of activity.-I - oPros PikNkl'ogis, 1971, 17.

Ss were given the task of adding numbers Oiat appeat-ed on a Moving Polygraph tape.
At tinw-., fth task was complicated by a voice counting, by tape speedup~, or by retjuiring S to
change to a different method of addition. S's GSR. EKG, and EEr, were simultaneously recorded
on the tape. The introduction of streseul changes led to different rea.:ios in differen: Ss, in
some, it interrupted the task for a time; in others, it affected perfowrmance adversely while
improving it in the remai, ang Ss. P'erformance changes coincided with changes in the
physiological measures taken.

410 Gorbunoiva, L. N. Opyt psikhofizioilogicheskogo Mkis~ovaniya effektivnusti railidinykri
form cheredovaniya truda. IA psychoPh'YsologiCal investigation of the effectiveness of
different forms of task alternation. I V Psikhololfi , 1968, 14, 21,26.

Work efficiency was studied in assembly line workers performing a saimple.
monoto~nous production task. One group of Ss performed this task without alternating it with other
tasks, another group alternted it with 2 other tasks during a work day, and a 3rd groupi
alternated the 3 tasks on a weekly basis. Variability in time required to manufac.ture an item, pulse
rate, and the rate of information proceesring in a control task were measured. While pulse rate did
not discriminate between groups, variability in production time was greatir in the monotonous
group, where it also increasd dtoring the course of the day, no change being noted in the groups
with task alternation. The rate of informatio processing declined toward evening in the
monotonous group. remaining constant in the 2 alternation groups. A study of &.e mature of the
tasks suggests that, in addition to monotony, tama complexity is an important factor which
affects work efficiency depending on the order in which different tasks follow each other.

MYGraham, F. K., & Clifton. Rt. K. Hjeart-rate change as a component of the orienting

Both Sokolov and the Laceys have proposed tnat autonomic feedback to cent ral
neural structures amplifies or reduces the effects of stimulation. L~acey, and Lacey distingtuishOl
between the effects of feedback from the cardiovaecular system and from othev autonontic
systems and siqlested. specifically, that heart-rate (HR) acceleration should be Associated with
stimulus "rejection" andl HR de-ileration with stimulus enhancement. Thi% aopeared to be
contradicted by evidence that HR increased with ?be orienting reflex whose function according to
Sokolov. is the enhancement of stimulus reception. However, when studies uiang simple
"nonsignal" stimuli were reviewed, it was found that the criteria identifying an orienting relfex.
were satisfied by responses of HR deceleration andl that instances of HR acceleration probably
reflected a "defense," "startle" or "acoustic-cardiac" response.
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Grandjean, E. Etude de la fatigue chez des employes occupes a des travaux requierant de la
vigilance. IA study of fatigue of workers employed on tasks requiring vigilance.I Actes du
Txrr , C p 1i 5%iet1 d 'Enomi! & Langue Francaise, Bruxelles: Presses
Universitaires de Bruxelles, 1968, 207-211.

This study examined the relationship between critical flicker frequency (CFF) and
performance. No correlation was found between subjective feelings of fatique or performance on
the one hand and CFF on the other. The author speculates that the vigilance required in the class
of occupations studied was accompanied by stimulation at the level of the central nervous system
which suppressed ,•atiguc during work through the mediation of the reticular activating system.

4W Grandjean, E., Baschera, P., Martin, E., & Weber, A. The effects of various conditions on
subjective states and critical flicker frequency. In R. R. Mackie(Ed.), Vigilance: Theory,
•o•,aati Der m ,an "4 physiological correlates. New York: Plenum Press, 1977.

In laboratory and field conditions the CFF values show a common trend with
subjective stateu..nts of "fatigue", "sleepiness" and similar sensations.

Repetitive tasks with very low mental loads induce a decrease of CFF and a shift of
subjective feelings towards "fatigue", "sleepiness" and a lower degree of "motivation" and of
"ability for action".

Activities with a moderate mental load induce in the beginnir g an increase of CFF,
which afterwards remains on about the same level. These activities seem to be an optimal workirg
condition producing only small subjective and objective symptoms of fatigue.

Activities with hie, mental loads irnduce -after a first stimulating period - a decrease
of CFF with a shift of subjective feelings towards "fatigue" and "exhaustion". We assume that
these changes reveal a state of fatigue due to an excessive demand on the central nervous system.

460 Grandjean, E., & Kogi, K. Introductory remarks. In K. Hashimoto, K. Kogi & E. Grandjean
(Eds.), Methodolor in human fatigue assessment. London: Taylor & Francis, 1975.

In the light of present neurophysiological knowledge we may consider fatigue as a
state of the central nervous system induced by a prolonged activity and fundamentally controlled
by the antagonistic activity of the activating and inhibitory systems of the brain stem. The
regulating systems in turn are susceptible to reaction to stimuli from the surrounding world, to
stimuli from the conscious part of the brain, and to humoral factors originating within the
organism iond having obviously the task of regulating recovery and wakefulness.

Another important aspect of fatigue is that an advanced state of fatigue leads to
deterioration of physical and mental performance and causes various unfavourable symptoms.
This indicates that the assessment of observed hehavioural as well as p~ychophysiological data
must be relevant to an 'unacceptable' stage of fatigue.

Some investigations in human beings, which were discussed at the Kyoto
Symposium and which are published in this monograph, gave results matching well this
neuropV siological concept of fatigue. Significant correlations were found between changes
characteristic of general level of alertness and psychophysiological changes, and between
psychophvsiological performances avA subjective feelings of fatigue.
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i We may therefore conclude that by looking for psychophysiologcal changes
associated with performance decrement it is possible to pr,)p~ose procedures adequate for

measuring fatigue related to work load and ko monotony. Special attention should be paid to the
requirement of 'detail and synchrony' of measuremenit. Important as well in assessing me
observed data is to reach a general agreement concerning the safe marks of the early stage 'A
fatigue.

We hope the Kyoto Symposium has contributed to a better understanding of the
psychophysiological mechanisms and of the various symptoms of fatigue which gain impol tance
in our modern world of inc,-easing mental demands.

461 Grandjean, E. P., Wotzka, G., Schaad, R., & Gilgen, A. Fatigue and stress in air traffic
controllers. Erionomics, 1971, 14. 159-165.

Fatigue was measured on 68 air traffic controllers using the folloving methods:
critical fusion frequency (CFF), tapping test, grid tapping test, self-rating. The measurements
were taken 9 times within 24 hours over 3 weeks. Stress was measured on the basis of a
questionnaire and of catecholamine excretion in urine. The four fatigue tests showed significant
agreement. There was a marked decrease in the values after the 6th hour of work. During the
night hours, the test values were lower, and the subjects stated they were more tired. For the first
work hour and for the 9th to I Ith work hour Spearman's correlation coefficients between the
two sets of data were calculated. A significant correlation was found (a) between CFF and grid
tapping (p ( 0.02): (b) between CFF and self-rating 'refreshed-tired' (p < 0 .05); (c) between
grid tapping and self-rating 'refreshed-tired' (p < 0 .02). This means that subjects with a marked
decrease in CFF or in grid tapping performance have a greater tendency to 'tired' in the
self-rating test. On the basis of this finding it might therefore be hypothesized that all measures
are indicative of a common state of fatigue.

Results of the questionnaire (62 subjects): in difficult situations 60 subjects felt
nervous, tense, irritated, 13 were anxiousand trembling, 19 had increased perspiration, 14
had increased pulse rate and heart rate, 25 suffered from insomnia and chronic fatigue.

Urine samples from 6 subjects were taken after normal office work, easy ground

control work, and radar air traffic control. There was a significant increase in the catecholamines
in the last condition.

462 Granger, L. Variation de la frequence cardiaque dans differents types de situations
d'attention visuelle. [Variation of heart rate in different types of visual attention
situations.) Canadian journal of Psycholo-a , 1970, .4, 370-379.

Recordtd heart rate of 30 male underg,.,duates in 3 different experimental
situations. In the 1st, Ss looked at certain visual stimulations. In the 2nd, Ss pressed a lever when
a specific stimulation was presented. In the 3rd, Ss pressed a lever when a specific stimulus was
presented but were told that they would receive an electric shock on the left arm if they did not
do it at a certain speed. Results suggest that the explanatior of increase in heart rate proposed by
j. I. Lacey in terms of "rejection of the environment" by the organism is limited to cettain types
of situations.
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4•3 Grant, J. S. Concepts of fatigue and vigilance in relation to railway operation. In K.
Hashimoto, V. Kogi, % E. Grandjean (Eds.), Methodology Jb huan athau assessment.
London: Taylor & Francis, 1975.

Considerable advances in biochemical and physiological research have recently made
It possible to show that fatigue in train driving exists, even though drivers or. modern
locomotives do not expend much physical energy,

On British Railways o ,number of detailed heart-rate recordings have beern taken fromn
drivers during normal dv.iy runs . .,ese tend to confirm the findings, but to apply this knowledge
to practical counter measures it is necessary to find the sources of the fatigue.

In order to anaiyse the skills required to pe;form the task, it is proposed to use
methods of continuous observation of fine details of overt human behaviour, together with
records of physiological measurements and events outside the locomotive cabin. Preliminary

Swork on these lines shows that fatigue In drivers may arise, not from overloading the human
system but from underload or monotony due to prolonged inaction combined with stress.

A monotonous environment leads to sensory adaptation and hence to reduced
aosorp.iin of information. One of the raib, purposes of further study is to find out what
environmental information the driv,!r acts upon and to what extent he relies on his memory of
the track. This would lead to the points in time and space at which information processing begins
to deteriorate. It is necessary to understand this to specify the particular aspects in the driver's
cov"oty ment whic') should be enriched so that vigilance is improved and the onset of fatigue
averte-d.

464 Greene, R. L,, Dengerink, H. A., & Staples, S. L. To what does the terminal orienting
,esponse respond? Psvchon!hysiolot , 1974, 11, 639-646.

Previous athors suggested that the electrodermal .)rienting response to stimulus
onset (OR) refl.:cts t(.gnitive processes related to the coo tent of a stimulus while responses to
stimulus offset (TOR) reflect processes related tu, stimulus duration. Experiment 1 tested the
hypothesis that the" OR and rOR are special cases of Ss responding to whatever part of the
stimulus contains information necessary to make the requested judgment. The results clearly
supported this alternative hypothesis. The Ss responded to stin, onset when asked to judge
the pilch (content) of a constant tone and to stimulus offset w sked to judge the teiminal
pitch of a varying •ine. They respondcd to both the onset and offsct of a stimulus wheI asked to
compare the onset a'id offset pitch and when asked to judge simulus duration. Expi. iment 2
partialiy replicaut•'. Experiment I in an attempt to assess the OgR-I O)R phenomenon in a secondd

sensory modality (vision) and with a second dependent measure. The patteris of bothIlectrodermal and heart rate responses were similh.r it) those of Experiment I and it) Ih ,x
observed by other authors.

1
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46 Greene, R. L., Kille, S., & Hogan, F. A. Electrodermal measures of attention and effort to
stimulus onset and offset. Psychophysiologv, 1977, 14, 79. (Abstract)

Physiological measures of both tonic and phasic levels of arousa.l are thought to vary
directly with the attention and/or effort required by the task. In a test of this hypothesis,
electrodermal measures of tonic and phasic arousal were examined to four levels of task difficulty
at stimulus onset and offset.

Forty female and 40 male college undergraduates served as subjects. The stimuli,
which were presented for 10 sec, consisted of one of two tones and one of two hues of slides.
The pair of light and tone was constant for each student across all 18 trials with a variable
inter-trial interval.

There were four experimental conditions. In the nonsignal condition, the students
were asked to sit luietly and observe the stimuli. In .he other three conditions, the interval
between stimuli onset or offset was constant at 2.0, 0.2, or 0.02 sec. Within each condition the
students were instructed to determine either which stimulus came on first or went off first.

There were more frequent and larger amnplitude skin conductance responses as the
discrimination became more difficult at both stimulus onset and offset. However, skin
conductance responses were consistently more frequent and larger to stimulus onset than
stimulus offset. The frequency of spontaneous GSRs increased exactly as the difficulty of the
discrimination, but was not significant because of the large variance in these responses. Basal skin
conductance level did not reliably differentiate the four conditions.

Phasic levels of arousal ac-.urately reflected the difficulty of the discrimination to
both stimulus onset and offset. Tonic levels of arousal reflected minimally, if at all, the difficulty
of the task. •

46 Griesel, R. D., & Clark, H. M. S. The relation of indicators of arousal in the evoked
response to attentional factors in cognitive test performance. PsychologiaAfriana, 1974,1..5, 1 01 -110 .

Sixty-six Bantu mine-worker recruits were classified into three groups of differing
cognitive ability on the basis of their performance on the General Adaptability Battery of the
National Institute ior Personnel Research. Visual and auditory evoked responses were recorded
and the three groups compared with regard to their level of arousal as reflected by the amplitude
of the evoked respinse and their variability in arousal as expressed by the standard deviation of
evoked response amplitude scores. Though variability of amplitude and rate of habituation af the
evoked response could not be shown to differ for the three groups a possible inverted-U relation
between cognitive performance and arousal level w.,ý found which would suggest that arousal
may be an important correlate of cognitive process.

467 Griew, S., Davies, D. R., & Treacher, A. C. C. Heart rate during auditory vigilance
perf3rmance. Nature, 1963, 200, 1026.

It is difficuit on the basis of the results of this work, in which only eight subhiLts
participated, to draw any reliable conclusions about individual differences in detection ability and
their pt diction; but the ;ignificamt correlation between cardiac lability and total error score
suggests that heart rate variability may be a predictor of vigilance performance, although it seem'
unlikely that it will efficiently predict commissivw errors in performance.
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4M Grim, P. F., & White, S. H. Effects of stimu, ch",:.: upon the GSR and reaction time.
lournal of Experimental Psychology, 1965, 69, 276-281.

Sixty Ss were given 16 RT trials using a colored light as stimulus and then, without
warning, lights differing in color but not in intensity were presented. Augmented GSR reactions
occurred as a nronotonic function of amount of change. Lengthened RTs were also observed; the
amount of such lengthening did not appear to be simply related either to evoked GSR or to
amount of stimulus change.

460 Groll, E. Experimentelle Untersuchungen uberZusammenhange zwishcen Aufmerksamkeit
Vigilanzleistung und Aktivierungsvorgangen. IExperimental studies on the 'elations
_between attention, vigilance performance and activation processes.J Unpublished doctoral
dissertation, University of Vienna, 1963. (Cited in D. P. Kimble (Ed.), Readiness tp
remember. New York: Gordon and Breach, 1969)

470 Groll, E. Zentralnervose und periphere Aktivicrungsvariable bei Vigilanzleistungen.
[Central and peripheral activation variables in vigilance performance.] Zeitschrift fur
experimentelle und aniewandte Psychologi , 1966, 13, 248-264.

EEG, ECG GSR, and records of muscl,; vibrations during a test of visual vigilance
were r'3corded and served as indicators ol central and peripheral activation. Observed and
overlooked signals could be distinguished from the activation patterns. However, different
activation variables showed different, partly antagonistic tendencies, so that the concept of
"general activation" during observations must be rejected.

471 Groll-Knapp, E. Evoked potentials and behaviour. In W. Singleton, J. Fox & D. Whitfield
(Eds.), Measurement of man at work. London: Taylor & Francis, 1971.

The electrical activity that can be recorded from the surface of the human head, the
so-called electroencephalbgram (EEG) has been used, apart from its clinical application, in
psychophysiological studies. This ongoing or spontaneous rhythmic activity of the brain may be
used among other things as an indicator of the arousal state of the organism but at the same time
it masks the more specific brain responses. Such EEG responses evoked by different stimuli
constitute an important group of phenomena for the neurophysiologilt as well as for thepsychologist. The method of acquisition of such so-called evoked po.entiao and our knowledge

about their interpretation have reached a state of deve!opment where it seems justified to add
this method to the other physiological methods which are used to find better strategies for
man-machine design. In this paptr I will briefly summarizef fl,,e common techniques and then give

some examples of application in vigilance studies, attcntior and expectation studies; studies on
basic time relations in sensory motor interactions and investigations on communication problems
especially concerning the gnostic discrimination abilit'
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472 Gross, E. G., Vaughan, H. G.,Jr., & Valenstein, E. Inhibition of visual evoked responses to
patterned stimuli during voluntary eye movements. ElectroencephalQoraDhy•.•jtC1in.icI
Neuro h siolo. y, 1967, 22, 204-209.

Evoked cerebral responses were recorded to brief shifts of patterned stimuli under
conditions of constant luminous flux during voluntary eye movements and ocular fixation.
Virtually complete suppression of evoked response and [erception of the pattern shift occurred
during eye movements. In contrast, much dimmer test flashes presented against a dark field were
suppressed to a substantially lesser degree. Retinal blur was eliminated as a factor in saccadic
suppression, since inhibition was the same for horizontally and vertically oriented patterns. The
results indicate that an inhibitory mechanism must exist which is specific for contour shift as
opposed to change in luminance.

473 Gross, M. M., Begleiter, H., Tobin, M., & Kissin, B. Auditory evoked response comparison
during counting clicks and reading. Electroencephalography and Clinical Neurophysiology,
1965, 18, 451-454.

The shift from a casual task directed away from auditory stimuli to a task requiring
a low order of effort directed to the auditory stimuli produced significant changes in the 4 major
amplitudes and the total duration of the auditory evoked response.

474 Grossman, R. W., Fitzgerald, H. E., & Porges, S. W. Sex and preparatory intervaldifferences in responding forearm activity during a simple reaction time task.Psychophysiology, 1971,8, 268-269. (Abstract)

Both groups had facter reaction times in the fixed preparatory interval conditions
than they had in the variable interval conditions. This supports the view that both groups were
able to develop temporally conditioned preparatory responses facilitive of faster reaction time.
Here the somatic expectancy response most associated with best performance for one sex was
associated with the worst performance for the other sex. The males who had the highest levels of
forearm circumi'erence change by the last second of the preparatory period had the fastest
reaction times, while the females with the lowest levels of change had the fastest reaction times.
This suggests that the male nervous system is helped most by a different type of expectancy
response than the female nervous system. The male response, as an increase in r-uscle tension
level before the onset of the reaction signal that is related to performance, has t'.±ditionally been
treated as motor preparation (Woodworth & Schlosburg, 1965; Titchier, 1954; Freeman, 1933;
Davis, 1940; Duffy, 1962). It seems reasonable to suggest that male RT performance is therefore
most facilitated by an enhancement of a motor response. This increase of muscle contraction
before signal onset might be thought of as having an "hair trigger" effect in building tension to the
point where the slightest disturbance of any kind will trigger the response.

It is somewhat more difficult to view the inhibition of contraction before signal
onset, which is most facilitive of female performance, as motor preparation. In fact, motor
inhibition has been associated with enhancement of perception (Woodworth, 1938; Obrist,
1970). This response might be thought of as reducing the amount of distracting sensory
excitation to allow one to more completely focus one's attention to the signal light.
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476 Grunewald, G., Simonova, 0., & Creutzfeldt, 0. D. Differentielie EEG - Veranderungen
bei visuomotorischen und kognitiven Totigkeiten. [Differential EEG - alterations during
visuomotor and cognitive tasks.J Archiv fuer Psychiatrie und Nervenkrankheiten, 1968,
212, 46-69.

The EEG's of precentro-central (PC) and occipito-temporal (OT) areas were
recorded with telemetry, and their changes during 6 standardised visuomotor and 2 cognitive
tasks were compared with the EEG during rest with open eyes. Automatic EEG analysis on the
principle of zero-crossing and interval analysis was used. The EEG changes during tasks differed
significantly in the PC and OT areas. Furthermore, they were dependent on individual factors
(type of resting EEG with the eyes open) and on characteristics of the tasks. On the other hand,
they were not correlated with the degree of attention or concentration involved in the
performance of each task, as assessed by each subject using the method of comparison of 0airs.

In the frequency class of 8.5-12.5/sec, a significant decrease in the number of waves
was seen during all tasks in the PC areas, but in the OT areas an increase or decrease was seen in
different individuals: a higher degree of e . ase (blocking) was found when the resting EEG
showed many alpha-waves during rest (eyes open), a smaller degree of decrease or even increase
(alpha-activation) was seen when the resting EEG showed a low alpha-rate during rest . In the
frequency range of 12.5-16.0/sec the OT-EEG showed an increase during all tasks, while no
effect was seen in the PC-EEG's. Waves between 6-8.5/sec did not show a significant change
during the tasks.

After eliminating the influence of the resting EEG by calculation (regression
analysis), a differentiation between EEG reactions to different tasks became more evident. The
PC alpha-rate showed the least decrease during cognitive tasks, while the OT alpha-rate showed
the highest tendency towards activation during maze drawing with direct or mirror image control.
The occipital beta-activation was lowest during writing without visual control.

476 Gulian, E. Coitributii la studiul mecanismelor neurofiziologice ale atentiei: IV. Efectele
excitatiilor proprioceptiveasupra potentialelor evocate prin s~imul i luiminosi intermitenti.
[Contributions to the study of rieurophysiological mechanisms of attention: IV. The
effects of proprioceptive stimulations on evoked potentials by intermittent photic
stimulation.] Revista de Psihologie, 1965, 1, 427-436.

Effects of proprioceptive stimulation, which occur duri-g motor reactions in
prducing and maintainiing attention, were studied on the EEG, Proprioceptivc stimntIlation is
dynamogenic, faciiitating the integration of sensory messages in dependence on the functional
state of the nervous system.
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477 Gulian, E. Effects of noise on EEG latency changes in an auditory vigilance task.
Electroencephalography and Clinical Neurophysiolor, 1969, 27, 637. (Abstract)

Latency of alpha blocking to correct detections (CD), false alarms (FA) and missed
signals (MS) was investigated under different types (continuous and intermittent) and intensities
(70 dB and 90 dB) of noise, the first experiment being performed in conditions of quiet. The
subjects (15) had the task of detecting a signal among 4 other acoustic stimuli which appeared
randomly, at irregular intervals. EEG was recorded continuously from the T-O and T-T leads,
during the whole session (1 h 30 min). It was found that: (1) the latency of CD is shorter than
that of FA and MS under all experimental conditions; (2) the mean latency of CD and FA varies
(decreases) mainly as a function of the type of noise and only secondarily of its intensity (in
continuous noise the latency is greater than in intermittent noise); (3) the longest EEG latencies
for all performance indicators were recorded in the course of weak continuous noise. It is
suggested that differences in background noise elicit variations in mean latency scores for each
category of indicators, but that the general level of latencies (longer or shorter) is determined by
the response type. Thus, background noise exerts an unspecific influence which mainly induces
changes in the cerebral tone, whereas a taý.k, which implies continuous attention, has z
predominantly specific arousing effect.

478 Gulian, E. Some electroencephalographic correlates of au ary vigilance in noise. Revue
Roumaine des Sciences Sociales: Serie d.Psycholoxie, 11 13, 167-178.

Ar... is of EEG modifications during an auditory vibance task in noise points to
their dependency according first of all to the type of noise and only subsidiary to its intensity.
Thus, various intensities of background noise do not produce significant differential
modifications of arousal level. On the other hand, evaluation of type of noise effects shows that
intermittent noise evokes higher arousal level than continuous noise, this hyperarousal having -

according to interindividual differences - either decremental or incremental effects on signal
detection.

Statement of individual differences in cerebral reactivity towards noise,
corresponding to differences in performance level, thus suggests that the differentiated changes of
6he cerebral tone under noise influence determine variations in the level of operational vigilance.

479 Gulian, E. Correlats psychophysiologiques de la decision dans une epreuve de vigilance
auditive. [Psychophysiological correlatives in decisions during an auditory vigilance test.]
Revue Roumaine des Sciences Sjcjl: 5k dt Psvchologie, 1970, 14, 17-29.

Despite their relative simplicity, analysis of vigila.ice tests reveal complex mental
processes dealing with attention, perception, and decision. The 2 most common errors in a
vigilance task is nondetection of signals, or an individual's overconfidence in his inability to
commit an error. In a research conducted on 15 individuals, it was noted that the percentage of
omissions and incorrect detections varies little with various noise levels, but that the former
exceeds the latter by almost double. It is affirmed that utilization of various indicators confirms
the existencv of differences in the certainty of detection of critical signals and that noise has a
direct bearing on cerebral activity, thus contributing to the elevation or the reduction of
assuredness in decisions pertaining to a vigilance task.
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460 Gulian, E. Effects of noise on arousal level in auditory vigilance. Acta Psychologica, 1970,
33, 381-393.

Changes in arousal level (cerebral reactivity) expressed through EEG parameters
were followed up simultaneously with performance in auditory signal detection under different
noise conditions. It was stated that Ss differ in respect to their cerebral reactivity, ranging in a
continuum from hvperreactivity to hyporeactivity. Exposure to noise elicits alterations in arousal
level; hyporeactivw Ss are aroused, whereas the hyperreactive Ss are de-aroused. Statistically
signifi;ant differences were found between number of omissions of the two groups under most
experimental conditions. Number of detections varied only slightly in hyporeactives, but
described an inverted-U relation as a function of noise in hyperreactives.

46-o Gulian, E. Auditory vigilance under noise conditions: Psychophysiological correlations.
Studia Psychologica, 1971, 13, 114-120.

Studied the effects of noise upon auditory vigilance and its physiological
concomitants in 15 19-30 yr olds during 5 experimental sessions. Performance measures (RTs,
GSRs, and EEGs) were recorded.Modifications of behavioral vigilance and the other indicators
under quiet and different levels (70 and 90 db ) and types (continuous and intermittent) of noise
were investigated. Results indicate a certain dissociation between EEG, GSR, and behavioral
activation, but the concordance of all measures varied as a function of the degree of stress.

482 Gulian, E. Psychopysiological correlates of auditory vigilance under noise conditions in
introverts and extraverts. Revue Roumaine des Sciences Sociales: Seric de ýsholo~ie, 1971,
15, 125-136.

Attempted to determine whethr different kinds of noise exert a differential effect
on vigilance performance and autonomic reactivity as a function of personality. Seven verbal
stimuli, meaningful trigrams, were embedded in irrelevant stimuli and presented randomly at time
intervals ranging from 30 sec to 2 min under conditions of quiet (15 min ) followed by high-
and low-noise conditions (60 min ). Based on scores on the Eysenck Personality Inventory, 6
introverts, 6 extraverts and 8 ambivalent Ss were tested and their performance and GSR measures
recorded. It was found that introverts made more errors in quiet than in noise, whereas the
opposite was true for extraverts. Extraverts showed more noise tolerance on the GSR measure.
Increase in autonomic arousal was associatec with performance in introverts only.

403 Gulian, E. Corelate psihofiziologice (vegetative) ale vigilentei additive in conditii de
zgomot. IPsychophysiological correlates of auditory vigilance in noise.1 Revista de
Psihologie, 1972, 18, 41-51.

A comparison of heart rate values showed that the detection of signals in noisy
conditions does not produce change- in the heart rate but that anticipation of intermittent noise
increases it. The variability of heart rate would appear to be related to personal differences in the
subject. It is suggested that the quickening of the heart rate demonstrates the raising of the level
"of alertness.
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464 Gullickson, G. R., & Darrow, C. W. Contingent negative variation modified by respiratory
phase. Electroencephalo •, 4.hy and Clinical Neurophysio!ogy 1973, Supplement 33,
295-297.

If inspiration and expiration are favorable to different cortical effects, as suggested
here, a methodolegical consideration is implied for investigators who employ shock,
near-threshold signals, or any other situation which might result in the occurrence of systematic
differential respiratory patterns. If these results are confirmed, respiratory phase should be
considered as a variable to be controlled in CNV s'udies.

415 Guttmann, G. Hirrielektrische korrelate einfacher wahrnehmungen das akustisch evozierte
potential als abbild psychischer prozesse. ICerebral electrical correlates of simple
perception.J Studia Psychologica, 1968, 10, 200-213.

Presented a sequence of objectively unchanging acoustic stimuli (clicks) to 13 Ss
who by pressing buttons had to estimate the value of each click after it had sounded. Each S
experienced subjective vibrations of the intensity ard considered some individual stimuli as
quieter or louder. The EEG, stimulus-synchronous triggering-pulses, and estimates of intensity of
Ss were recorded throughout the experiment. The acoustically evoked potential was determined.
Discrepancy between the objective and subjective changes in intensity of stimuli revealed that
certain components of the acoustically evoked potential do not represent the stimuli but the
experience itself and may, therefore, be considered the biological basis of experienced process.
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4W -Haas, K. A. The use of palmar slein conductance and palmar skin resistance as predictors of
task performance (Doctoral dissertation, Rensselaer Polytechnic Institute, 1968).
Dissertation Abstracts, 1969, 29, 2896B. (University Microfilms No. 69-2459)

Briefly, activation theory predicts an inverted U relationship between level of
performance and level of activation, i.e., the-e is a level of activation over which task
performance is optimal. Unfortunately, the work of activation theorists has been limited
primarily to psychologically oriented tasks. it appears that if activation theory is valid for tasks
of an industrial nature (psychomotor tasks), then psychophysiologici measurements could be
used in lieu of subjective performance ratings. A hand-arm serial psychomoto" task was designed,
and two experiments one utilizing industrial workers, the other, students, were conducted. A
detailed analysis of the experimental results indicated that the measurements, as commonly used
by other experimentalists, did not provide any significant subject-by-subject results; nor did they
support activation the-ry.

The results and analysis of this experiment indicate that the range of arousal
embodied 'in activation theory is much too large for application to industrially oriented tasks.
The belief is that the adjusted scales developed in this study may be used in certain industrial
situations where monitoring is required such as testing, methods evaluations and learning studies.
Since the subject-by-subject correlations were not significant for all subjects, we conclude that
the new scales are not suitable as a replacement for subjective performance ratings.

The analysis of the data indicated areas where further research would be beneficial.
Specific recommendations are presented and discussed in some detail.

467 Hahn, W. W. Attention and heart rate: A critical appraisal of the hypothesis of Lacey and
Lacey. Psychological Bulletin, 19i3, 79, 59-70.

Evaluates' the hypothesis concerning attention and heart rate formulated by 1. Lacey
and B. Lacey [in P. Black (Ed.), Physiological Correlates of Emrotion, 19701 with respect to its
original and subsequent expressions, its testability, and research results offering confirmation or
disconfirmation. Heart-rate deceleration occurs in a variety of situations including ma'ny that
require attention to the environment, but support for the instrumental role of this reaction in
actively facilitating certain kinds of sensory-motor performance is lacking. The major
contributions that are needed for the hypothesis to retain its heuristic value are (a) clarification
of constructs, e.g., "attention," and greater explicitness of several aspects of the hypothesis; (b)
less reliance on heart rate alone as a dependent measure reflecting mediating mechanisms and
cortical effects; and (c) more investigation of other hypothesized mediating mechanisms.

486 Haider, M. Aktivierung, aufmerksamkeit und leistung, [Activation, attention and
performance.] In F. Merz (Ed.), Bericht uber den 25 Kongress der deutschen Gesellschaft

A furPychologie Munste r, 1966, 160-162.

Investigated activation and attention in an undefined population using vigilance
tests. Measurement indices included EEGs, evoked iJtentials, and pulse. Results showed that
attention and lack of attention were demonstrable. A hierarchical system of activation was
formulated which incitded these categories: (1) the psychophysiological sleep-waking
mechanism, (2) gerneralized tonic activity, (3) localized activation, and (4) differentiated and
selective activation.
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"4M Haider, M. Vigilance, attention, expectation and cortical evoked potentials. Acta
Psycholojica, 1967, 27, 246-252.

Computer-averaged evoked potentials were recorded to flashes and clicks from
subjects performing vigilance tasks as well as tasks requiring selective attention, expectation and
anticipation. Fluctuations in vigilance performance were accompanied by corresponding changes in
evoked potentials. Missed signals showed lower evoked response amplitudes than detected signals.
During selective attention responses were larger when attention was directed toward the stimuli.
In the expectation studies an 'expectancy potential' could be demonstrated at the instants when
the stimulus was expected but did not actually occur. On the other hand, the prominent negative
peak of evoked responses appeared later, if the stimulus occurred earlier than expected.

4W Hai4er, M., Gangiberger, j. A.. & Groll-Knapp, E. Thalamo-cortical components of
reaction time. Acta Psychologica. 1969, 30. 378-381.

Thete is some indication that the amplitude of contingent negative variations is
larger with faster reaction times (Grey Walter et al. 1964; Irwin et al. 1966; Hillyard and
Galambos 1967), thus linking the slow brain potential changes to the problems of experimental
reaction time studies. Our results demonstrate for the first time the involvemenm of subcortical
centers. They show especially a prominent thalamic potential during almost the whole time
between imperative signal (second click) and reaction. The duration and form of this thalamic
motor potential suggest that the central components of reaction time may be mainly made up by
nervous activities in the higher centers of motor afferences to the cortex and subsequent
thalamocortical interactions. Whereas the mere afferent and efferent conduction times constitute
only a small fraction of the whole reaction time, the described complex sensory-motor
interactions at different levels of central regulation are responsible ior the main part.

4W Haider, M.,& Gro!l, E. Vigilanzleistungen, vigilanzausfalle und ihre neurophysiologischen
korrelate. I Levels of vigilance, drops in vigilance levels, and related neurophysiological
correates.j Proceedings of Sectond International Congress on Ergonomics, Dortmund,
1964, 221-222.

amplitud e ofcrtpica r lesponses wihve. anprid wit aninecorelased in the latenype iod of the.75
The drop in alertness over a period of time correlated with the reduction in theamplitude of cortical response with r-e+0.7/5 and with an increase in the latency period of r=-0.75S.

The evaluation criteria showed a clear difference in the amplitudes of cortical

response with respect to detected light signals compared with the potential following undetected
light signals by the test subjects. Amplitude values were higher with respect to the potential
following the signals detected by the test subjects. Resultb were widely distributed but ill all
instances fell in the same direction.

402 Haider, M., Spong, P., & Lindsley, D. Attention,vigilance, and cortical evoked-potentials in
humans. Science, 1964, 145,180-182.

Computer-averaged potentials evoked from the cortex were recorded to nonsignal
stimuli and to randomly interspersed signal stimuli requiring detection and response during
prolonged visual vigilance. As detection efficiency diminished over time, the amplitude of evoked
responses to nonsignal stimuli decreased and latency increased. Fluctuations in vigilance
(attentiveness) during the course of the task also were accompanied by corresponding cnanges in
evoked-potentials to nonsignal stimuli. More specific lap;es of attention, revealed by detection
failures, resulted in average evoked-responses of lower amplitude to missed as compared with
detected sgnals.
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49z Haider, M., Spong, P., & Lindt y, D. B. Cortical evoked potentials during visual vigilance
task performance. Electrocncephalography and Clinical Neurophysiology, 1964. 17, 714.
(Abstract)

As vigilance fluctuated and waned during the course of the task, amplitude and
latency of the evoked potentials to the neutral stimuli showed corresponding variations.
Amplitude was reduced and latency increased during periods of lowered performance efficiency.

These results show a close correspondence between electrophysiological and
behavioral data in a vigilance task requiring perceptual discrimination and response. Thus
fluctuations in vigilance or attention appear to be reflected in the changes of cortical evoked
potentials.

404 Hanna, T. D. A physiologic study of human subjects confined in a simulated space vehicle.
Aerospace Medicine 1962, .3., 175.182.

The effect of eight days contfinement on four bioelecta ic measures of six men while
monitoring a Vigilance Work Station in a simuilated space capsule was presented and discused.
Under the conditions of the experiment, it was concluded that the significant differences which
occurred in the four physiologic functions (heart rate, respiration rate, forehead skin
temperature. and plantar electrical skin conductance) recorded were due to anxiety-provoking
stimuli, rather than the confinement per se. The interpretation of physiologic measures is
discussed.

4W6 Harding, G., & Punzo, F. Response uncertainty and skin conductance. Journal of

Experimental Psychology, 1971,.88, 265-272.

Phasic and tonic skin conductance were measured in three experiments with human
Ss where stimuli varied in (a) presence or absence of a response associate, (b) type of response
associate (pay attention vs. make a skeletal response), and (c) amount of response uncertainty
evoked. Stimuli accompanied by skeletal reasonses evoked larger autonomic responses than did
stimuli without response associates at the same level of response uncertainty, but larger
autonomic responses were emitted to stimuli evoking greater response uncertainty regardless of
skeletal response accompaniment. Skin conductance varied directly with amount of skeletal
response uncertainty but was invaiant and reliably lower over response uncertainty levels for Ss
instructed to pay attention. Amount of response uncertainty determined rate of phasic skin
conductance habituation, not initia! response magnitude as suggested by Berlvne.

406 Harding, G. B., Stevens, E. E., & Marston, P. T. Rate of information processing and skin
resistance. Journal of Experimental P~ychology, 1973, 99, 306-313.

Presented an information reduction task to undergraduates (N = 180) in 2
experiments. Ss were instructed to gate (i.e., ignore) 3, 2, 1, or 0 tone dimensions prior to
response selection within the stimulus durations of .5, 1, or 4 sec. Dependent variables were the
mean phasic change in ski,. resistance, mean response time, and amount and rate of information
transmission associated with each of the 12 conditions. The mean phasic skin resistance change
associated with each group was considered to be a function of the (a) presence or absence of the
choice motor responses, (b) amount of motivation as measured by tonic skin resistance, (c)
degree of skeletal response conflict, and (d) rate of information transmission in bits/sec. Rate of
information transmitted accounted for more variance (95%) than any other variable.
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4S7 Hare. R. D. Cardiovascular components of orienting and defensive responses.
Ps i.420Vs , 1972,9, b06-614.

Data from an earlier study of physiological responses !o affective visual stimulation
were reanalyzed in an attempt to delineate the cardiovascular components of the OR and the DR.
A HR repons profile to unpleasant stimulation was obtained for each of 49 Ss by computing his
average beat-by-beat HR response to slides of homicide victims. A hierarchKal grouping
procedure was then used to group these profiles in terms of similarity. An optimum grouping of
three distinct groups of profiles emerged. Group A consisted of 9 Ss whose HR responses were
accelerative in nature. Group D of 12 Ss who gave marked decelerative responses, and Group MD
0i 28 Ss who gave moderate decelerative responses. The cephalic vasomotor response given br
Group A to the homicide slides was vasc•onstriction, while the response of Groups D and MD
was vasodilation. The results provide some support for the suggestion that the OR consists of HR
deceleration and cephalic vatdilation, while the DR consists of HR acceleration and cephalic
vasoconstriction. However, it is possible that these "class." patterns of cardiovw-scular activitý
occur in only some Si and only under certain conditions, and that they may be obscured b% the
use of undiffereiniated group data.

4= Hare, R. D. Response requirements and direc tic al fractionation of autonomic responses.
Psychophysiolc,,, 1972, 9,419-427.

Physiological responses were monitored while 27 male Ss were shown a series of 45
colored slides of homicide victims. Nine of the Ss were required to simply look at each slide
(Nonraters), 9 were required to push 1 of 7 buttons, after each trial to indicate how disturbing
they found the slide to be (Raters). Evidence for directional fractionation of autonomic
responses to the slides was obtained for only the Nonraters. Their responses included cardiac
deceleration, an increase in skin conductance, digital vasoconstriction, and cephalic vasodilation.
The Paters responded with cardiac acceleration, and increase in skin conductance, and both
digital and cephalic vasoconstriction. The Raters also showed a larger increase in tonic skin
conductance over trials than did the Nonraters. To determine whether the physiological responses
of the Raters were influenced by the requirement to make a motor response, 9 other Ss prc-ssed a
button after each slide. The physiological responses of these latter Ss were almost identical with
those of the Nonraters.

The results are consistent with the hypothesis that the requirement to rate the
stimuli was associated with appraisal and cognitive elaboration. They also indicate that response
requirements can have a profound effect upon autonomic responsivity.

409 Hare, R., Wood, K., Britain, S., & Shadman, J. Autonomic responses i.r affective visual
stimulation. Psychophysiolog, 1971,7, 408-417.

Physiological responses were recorded while 48 male Ss viewed a series of 30 slides
of homicide scenes, rnude females, or ordinary objects. Half the Ss saw the same slide 30 times while
the others saw a different slide on cach trial. The physiological responses given by all six groups
involved were those generally associated with an OR-increase in skin conductance, cardiac
deceleration, and digital vasoconstriction. In addition, a biphasic cephalic vasomotor response,
consisting of constriction followed by dilation, was observed. Stimulus presentation was also
accompanied by a sharp reduction in eyeblink rate.

The physiological and eyeblink responses given by Ss who saw a different homicide
scene on each trial were generally greater and more resistant to habituadion than were those givk,r
by other Ss. Ss repeatedly shown the same homicide scene gave relatively small cardiac aFd
cephalic vasomotor respons s, and showed rapid habituation of the electrodermal response.
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"UW Harkins, S. W. Aspects of the psychobiology of attention: Visual evoked potentials and
performance in a task demanding sustained attention (Doctoral disertation, The
Universty of Nrth Carolina at Chapel Hill, 1974). Dihuotation Abstracts International,
1975, 36, 4718-472S. (University Microfilms No. 75-' IT. -W

Three studies have evaluated the relationship between performance, evoked
potentials and time in the seson. In only one cam do the remits lend support to the model that
habituation of cortical evoked potentials is related to decrements in performance. The present
research was designed to evaluate the relationship between changes in performance and cortical
evoked potentials during a paced continuous performance task. Evoked potentials and
pertormance were examined as a function of time on task and signal regularity using a
within-subjects design. Tht.-. it was felt a stronger test of the neural habituation hypothesis was

Detection decrement occurred as a function of time a,,d signal regularity but was
not paralleled by changes in evoked potential amplitude or latenc, t'hat could be related to the
neural habituation hypothesis. The most consistent change i,. sensory evoked potentials
paralleled time in sessions but not performance. Implications for further research are discussed.

9 tiarkins, S.. tt &. Evaiuauon of a continuous performance task hy W, se.x and
time-on-watch. Paper presented at the 2Tth Annual Science Meeting of the Gerontological
Society. San Juan, Puerto Rico, December 1972.

Men and women (forty-five to seventy; n=328) were exposed to a continuous
performance task consisting of 1-digit numbers (1-9) presented 1/sec. The task was of 10 minutes
duration. Ss were instructed to press a key whenever art even number followed an even or an odd
followed an odd. These critical events occurred in random order with a mean frequency of 1 : 6
numbers. Ss were divided into five S-year age goups. Percentage correct detections, false
positives, responsivity (correct detections + false positives), reaction tine, and heart rate were
evaluated by multivariate analysis. Reaction time increased with age. Percent correct detection
did not vary with age although the age by sex interaction was significant for false positives and
responsivity. In the oldest group (sixty-five to seventy) men decreased in these two measures
while women increased. Independent of age or sex, false positives, responsivity, and percent
correct detections declined with time-on-watch in a manner analogous to the performance
decrement observed in many vigilance tasks. Reaction time and heart rate increased with
time-on-watch for all age groups.
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8W Harms, C. G. The differential effect of induced muscular tension and task difficulty on
digit identification and selected physiological measuTes (Doctoral dissertation, Temple
University, 1967). Dissertation Abstracts. 1968, 284311B4312B. (University Microfilms
No. 68-4510)

The present research was designed to investigate the joint effects of experimentally
induced muscular tension and task difficulty upon a perceptual identification task, and upon
Wdected measures of physiological activity.

An attempt was made to obtain more direct evidence for the notion that indu, ýd
muscular tension exerts its effects on performance by increasing activation level. Ferformance
under different induced muscular tension conditions was measured. Concomitant phys-Niogical
indices that define activatio,' were also used. If the activation hypothesis is correct, increasing
induced muscular tension should be accompanied by increasing efficiency of performance until a
point is reached. beyond which, performance begins to decline with increasing tension.
Physiological activity, however, should continue to increase as muscular tension increases.

One-hundred-twenty subjects were used in a 4x5 factorial design. Four muscular
tension cunditions were used. A specially constructed hand dynamometer was used to induce
muscular tension at 1/4, 1/2, and 3/4 of the subjects' maximum squeeze, determined on a
preliminary test. The fourth level was no dynamometer tension. The task was identification of
series of digits presented in a tachistoscope. The number of digits presented was varied at five
levels, presentation of no digits, five, six, seven, and eight digits. Measures of respiration rate, pulse
rate, and skin conductance were made on a Stoelting Deceptograph.

Results showed:

1. Skin conductance increased significantly with increases in induced muscular
tension for all digit levels, and also for that group of subjects which were not required to identify
digits. Increase in pulse rate as a function of increased muscular tension approached the p = .05
level of significance. Respiration rate was not significant.

2. The .amber of digits conrectly identified as a function of induced muscular
tension approached the p = .05 level of significance. The relationship between digits and muscular
tension was cubic.

3. Pulse rate increased significantly as the number of digits exposed increased.
Neither respiration rate nor skin conductance varied significantly as a function of the number of
digits exposed increased.

4. The iiumber of digits correctly identified decreased significanctly as a function of
the n'umber of digits exposed increased.
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Harris, D. A., Hale, H. B., Hartman,B. .,& Martinez,j A. Oral temperature in relation to
inflight work/rest schedules. Aerospace Medicine, 1970, 41, 723-727.

Six experimental flying missions (each of 54 hours duration) were flown in a C-141
aircraft. Two crews took turns flying the aircraft during each mission. The same two crews flew
all six missions. In three of the missions the work/rest schedule was 4/4 hours; in the remaining
missions it was 16/16 hours. Oral temperatures of 9 of the crewmembers (2 aircraft commanders,
2 co-pilots, 2 flight engineers, 2 navigators and 1 loadmaster) were measured at 4-hour intervals
during the flight periods and also during 54-hour postflight periods, with the testing schedule
standardized with respect to time of day. The oral temperature rhythm during flight periods,
although remaining entrained to the time at the home base, was lower in amplitude than that
during postflight periods (P <.01). The 4/4 work/rest schedule had more depressant influence on
oral temperature than the 16/16 schedule (P < .005). Crew position was found to be a factor
contributing to oral temperature variability (P(.05). The individuals occupying key positions had
the lowest oral temperatures during flight periods as well as during postflight periods.

504 Harris, W. Fatigue, circadian rhythm, and truck accidents. In R. R. Mackie (Ed.),
Vigilance: Theory, operational performance, An.d Physiological correlates. New York:
Plenum Press, 1977.

Most truck accidents ocýur because of driver error, and many likely are the result of
failures in vigilance performance. The truck driving task requires the driver to maintain a
continual vigil if he is to perform successfully. Truck drivers often drive for long hours at a time
and at all times of the day and night, conditions that expose them to the effects of fatigue and
circadian rhythms. Fatigue and circadian effects on vigilance performance are well-established.
The purpose of the analyses reported here was to see if such effects were present in truck
accidents which seemed to be the result of failures in N ;gilance performance.

Interstate truck accident data provided by the Bureau of Motor Carrier Safety of the
U. S. Department of Transportation were analyzed for three groups of drivers: dozing drivers,
those who had had single-vehicle accidents, and those who had crashed into the rear end of other
vehicles. The effect of fatigue was confirmed for each of the groups: fewer accidents than
expected occurred early in trips and more than expected later in trips; about twice as many
accidents occurred during the second half of trips than during the first half, irrespective of trip
duration. The circadian effect was observed for dozing drivers; about twice as marw of their
accidents occurred between midnight and 8:00 a.m. than in the other 16 hours of the day, and
for single-vehicle accident drivers, about half of their accidents occurred in the early morning
hours. The circadian effect was not as marked for other-vehicle accident drivers, likely because of
variations by time of day in the number of vehicles on the road.

There is some evidence of a combined effect of fatigue and circadian rhythm on the
relative likelihood of occurrence of accidents.
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505 Harris, W., & Mackie, R. A sudy of the relationships amorajqjue, hours of service, and
safcty of operations of truck and bus river (1727-2). Goleta, California: Human Factors
Research, Incorporated, 1972. (NTIS No. PB 213-963)

The relationships among fatigue, hours of service, and safety of operations of truck
aitd bus operators were investigated through (1) a critical review of research pertaining to driver
fatigue and alrmness; (2) an opinion survey of professional drivers and tiansooriation industry
officials concerning currlnt practices and regulations related to hours of service; (3) an analysis of
accident data from several major carriers from the viewpoint of possible fatigue-related causes;
and (4) an empirical investigation of the effects of hours on the road, rest breaks, type of
operation, time of day, and driver age on certain measures of driver performance and
physiological states associated with fatigue and alertness.

506 ttart, J. 0. Physiological responses of anxious and normal subjects to simple signal and
non-signal auditory stimuli. Psychophysiolog , 1974, 11, 443-451.

In an attempt to assess orienting (OR) and defensive responses (DR) of anxious and
normal Ss, heart rate (tIR) and skin conductance (SC) changes were measured in response to three
intensities of signal and non-signal tones. Anxious Ss significantly differed from normal Ss in the
number of spontaneous SC icsponses emitted, but did not differ in either magnitude or rate of
habituation of SC responses to the tones. An analysis of second-by-second changes in HR
respond with a pattern characteristic of a DR. This difference was particularly apparent under

signal conditions.

507 Hart, J. D. Cardiac response to simple stimuli asa function of phase of the respiratory cycle.
Psychophysiology, 1975, 1, 634-636.

To evaluate respiratory effects on the cardiac response to simple stimuli, 10 female
subjects were presented with a series of 20 100 dB tones with stimulus onset occurring at either
peak expiration or peak inspiration. The heart rate response at peak inspiration is quartic in form
(deceleration-acceleration-deceleration-acceleralion) and differs significantly from that obtained
at peak expiration which is cubic ii form (acceleration-deceleration- acceleration). These
differences can be eliminated, however, by svýatracting heart rzte value,, obtained during control
periods from the heart rate response to stimulation.

508 Harter, M. R., Eason, R. G., & White, C. T. Effects of intermittent visual input disruption,
flicker-ratý., and work time on tracking performance aod activation level. Perceptual and
Motor Skills, 1964, 19, 831-848.

The effects of flicker-rate (0 to 24 cps) on rotary tracking performance and
physiological "indicants" of activation level were studied urder two conditions of background
illumination (illuminated and non-illuminated). During the illuminated condition the target was
visible between II'lshes (continuously), whereas during the non-illuminated condition it was
visible oniy du;iing the flash. Muscle tension of the neck and forearm flexor muscles, skins
conductaice, md heart rate were used as indicants of activation level. Tracking performance
vwried significaiitly wilh flicker-rare and Mllumination levei. During the illuminated condition,
perfoimrnice decrcaed then increased as flicker-rate increased, the low point being at about 9 I
cps. During the non-illuminated background condition, performance increased rapidly as
tli:ker-rate was increased up to 9 cps. Furthar increase5 had relatively slight effects on tracking
performance. The physiological indicants remained essentially constant when flicker-rate was
varied, indicatin,: no change in activation level. The performance data were interpreted in terms
of a, "psychological wloen t't" model.
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WOo Harter, M. R., & Salmon, L. E. Intra-modality selective attention and evoked cortical
potentials to randomly presentied patterns. Electroencephalograph.y & Clinical
Neurophysiology 1972, 3.2, 605-613.

The effects of selective attention on visually evoked cortical responses (VERs) were

investigated under conditions where transient changes in arousal level and peripheral orienting
factors were reduced to a minimum. Four subjects were presented a random series of relevant and
irrelevant light flashes and were instructed either to count or to make a reaction time response to
the relevant stimulus. Stimuli were presented at a constant rate of 0.92 or 1.92 c/sec. Subjects
fixated a central reference point on the stimulus screen throughout each trial. Averaged VERs
from the occipital region showed a consistent increased negativity at latencies of 220-250 msec
and positivity at latencies of 290-340 msec when the stimulus was attended as compared to not
attended. The effects of attention on VERs did not differ significantly as a function of the
response conditions or rate of stimulus presentation. The effects of selective attention on early
and late evoked cortical activity were discussed in terms of the processing of sensory information
in the peripheral anl central nervous system, respectively.

10 Harter, M. R., & White, C. T. Perceived number and evoked cortical potentials. Science,
1967,156, 406-408.

Evoked cortical potentials and the number of flashes perceived were compared when

subjects were presented with short trains of flashes under conditions where each presented flash
could not be counted individually but the train of flashes appeared to be flickering (1 to 14

flashes at 33.3 flashes per second). The rate at which each successive perceived flash was added
appeared to correspond with the rate at which the successive components of the evoked response
pattern were added. The temporal nature of this pattern was similar both for single flashes and
trains of flashes. The ,esults suggest that the onset of stimulation triggers a rrocess which has a
marked effect on both the cortical and perceptual response to subsequent stimulation.

511 Hartley, L. R. The effect of stimulus relevance on the cortical evoked potentials. Quarterly
journal of Experimental Psychology, 1970, 22, 531-546.

Investigated the relationship between selective attention and the cortical evoked
potentials and avoided some methodological artifacts. Twelve 21-65 yr. old Ss were divided into
auditory and visual signal detection groups. Each group was required to detect infrequent signals
of 1 modality in a random sequence of auditory and visual stimuli. Results provide no direct
support for the postulated correlation between the 2 variables, but do suggest 2 possible
explanations.

512 Hartman, B. 0., Storm, W. F., Vanderveen, J. E., Vanderveen, E., Hale, H. B.,& Bollinger, R.
R. Operational Ages of variations in alertness. (AGARD-AG-189). Brooks Air Force
Base, TX: USAF School of Aerospace Medicine, Aerospace Medical Division, August 1974.
(NTIS No. AD-786 123)

Variations in aiertness undoubtedly affect operator performance, sometimes to a
degree which significantly degrades operational effectiveness. Alertness is a biological state with
behavioral, neurophysiological and biochemical elements. Related states are vigilance, uttention,
and arousal. This monograph summarizes the literature on these topics,as well as the influence of
various environments on altertness levels, spontaneous fluctuations in alertness, and effects of
such variation on operator pe,,.ormance. The environments under consideration include long
duration flights, flights at night, monotonous tasks, solitude, mild hypoxia, and variations in
thermal conditions in a flight compartment.
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5oi Hasbrook, A. H., & Rasmussen, P. G. EiIg- heart rate durind infli ht simulated instrument
approaches in a general aviation aircraft (AM 70-7). Oklahoma City, Oklahoma: Office of
Aviation Medicine, Civil Aeromedical Institute, April 1970. (NTIS No. AD-711268)

Eight instrument rated pilots with flying experience ranging from 600 to 12,271
hours each flew 10 simulated ILS instrument approaches in a single engine, general aviation
aircraft equipped with a primary flight display arranged' in a conventional "T" configuration.
Continuous heart rate data were recorded during each approach. Approaches were flown
consecutively at approximate 10-minute intervals, with a 1-minute in-flight rest period prior to
each approach. Principal findings were: heart rate increased significantly during each approach:
mean increase in heart rate during the approaches was 5.2 beats per minute (BPM) and was of i
relatively constant magnitude for each of the 10 approaches; and the overall mean heart rate level
decreased on successive approaches for a total of 11.0 BPM for the 10 approaches. The results are
discussed in terms of responses to stress introduced by the demands of the task.

514 Haske, R. Das Verhalten der Tageswhythmik von Korpertemperatur und Leistung nach zwei
Transatlantikfluien in rascher Folge. [Behavior of gi an rhyth of temperature and
performance after two subsequent transatlantic Ujgl Unpublished doctoral dissertation,
Bonn University, Germany, 1974.

CircAdian rhythms of temperature and performance were studied in 8 students in
3-hour-intervals during periods of 24 hours after a jet flight from Germany to USA and vice versa
with a stay of 24 hours in the USA. Two 24-hour preflight periods revealed the basic normal

daily rhythm of temperature and performance. The effects of a 6 hour time shift after the
24-hour stay in the USA were evaluated by determining temperature and perfrmance parameters I
on day 1, 3 and 5 following the flights. A considerable desynchronisation v~ith the local time was
observed afterflights. The resynchronisation-time amounted up to 3-5 days in Germany
afterw;%rdi

615 Haslum. M. N. Psychophysiological correlates of activation in vii6lanc . Unpublished
doctoral dissertation, University of Exeter, 1976. (Cited by A. Gale, Some EEG correlates
of sustained attention. In R. R. Mackie (Ed.), Vigilance: Theor ,per 4tional performance,
and ntysilo ical correlates. New York: Plenum Press, 1977.)
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516 Haslum, M. N., & Gale, A. Inter-modal and intra-subject consistency in FEG correlates of
vigilance. Biological Psychology, 1973,1, 139-150.

Occipital EEG was monitored co;. 'ndously for 20 subjects who took paut in an
auditory vigilancf- task and for 20 in a visual vigilance task. Ten subjects were common i0 both
experiments. The two tasks were virtually identical. EEG samples were taken for each of 250
signal presentations. Automatic low frequency analysis was performed on 4 frequlency bands
between 2.0-19.5 cps. There were 5 types of signal in the task and each signal was followed by a
rest period. The wanted signal was 4 consecutive odd and different digits. The other signals
contained either 3 odd and I even digit, 2 odd and 2 even digits, one odd and 3 even digits or 4
even digits. Since the 5 signal types varied in their approximation to the wanted signal they were
ranked on that criterion for their arousal value. There were a number of statistically significant
findings as follows. A decreasing monotonic tren, is demonstrated for EEG abundance across
signal types, that is, EEG abundance is inversely proportional to the arousal value of the signal
for both the auditory and the visual tasks. Subjects common to the 2 tasks show consistency of

' individual differences in the 2 EEG trends across the tasks. EEG alpha and beti abundance
provide strong evidence for individual differences in the magnitude of abundance under different
stimolus conditions. Subjects with faster median reaction times demonstrate a stronger EEG
trend than those with slow reaction times. However, reaction time is not related to either pre-,
during or post-signal presentation EEG. A decreasing monotonic trend is demonstrated for
post-test subjective ratings of alertness for each signal type and also for the associated rest periods
in both the auditory and the visual task. The trend in the subjective ratings for signals agrees with
the trend in EEG abundance. Subjecft are consistent in their ratings across the 2 tasks.
517 Hastrup, J. L. Electrodermal lability. introversion, and vigilance decrement.

.PsychoDhysiolc v, 1977, ]A, 111. (Abstract)

Previous studies have suggested that two electrodermal measures (frequency of
spontaneous fluctuations in skin conductance and rate of electrodermal orienting response
habituation) predict individua, differences in vigilance decrement. Other studies suggest that
Eysenck's measure of introversion also predicts vigilance decline. The present study examined the
performance of subjects selected on both electrodermal and introversion measures under two
conditions of task difficult'/.

Subjects were 80 men, half of whom were assigned to each task condition. Subjects I
were instructed in the procedure for reporting detections of infrequent auditory signals. After a
practice period, a 48-min vigilance task was administered, followed by an introversion
questionnaire.

The results indicated that the electrodermal measures predicted vigilance decrement
over time for subjects on the difficult task, but not on the easy task. The introversion variable
resulted in insignificant and contradictory findings, contrary to Eysenck's theory.

Although introversion and the electrodermal measures were orthogonal, it was
possible to predict differences in performance decrement on both tasks by combining the three

* measures. These findings suggest that electrodermal lability alone and in combination with
introversion scores predicted differences in vigilance decline, but that the electrodermal measures
interacted with an environmental variable, task difficulty. Theoretical implications for differences
in sympathetic nervous system activity and Eysenck's theory of intilover,.-ion are discussed.
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516 Hauty, G. T. Relationships between operator proficiency and effected changes in biological
circadian periodicity. Aerospace Medicine, 1963, 1 100-105.

In consideration of all data, it does seem proper to conclude that certain of the
subjects :•ould adapt substantially to a drastic revision of their accustomed sleep-wakefulness
cycle or day. In part, at least, this may be attributable to the three conditions earlier mentioned:
Environmental control of accustomed circadian cues, rigid commitment to a fixed schedule of

work which was accepted by the subjects as a unique challenge to their ability, thereby, in a
sense, forcing them to live an 8-hour day, and deliberate exploitation of individual differences.
From this, several points of speculation are apparent. One concerns the question of what would
happen to the circadian periodic component had confinement been extended to two or more
weeks. Another, equally interesting, concerns the full extent of the modifiability of man'sbiological day.

519 Hauty, G. T., & Adams, T. Phase shifts of the human circadian system and performance

deficit during periods of transition. Aerospace Medicine 1965, 36. 148. (Abstract)

At periodic intervals throughout the biological day, assessments were made for a
week prior to intercontinental flight yielding a reference of biological time set to the environment
of origin, for 2 week•. at the temporally displaced environment of destination which encompassed
the period of transition for the "primary" phase shift, and for a week following return to tile
environment of origin which provided a period of transition for the "back" shift. Assessments
made included rectal temperature, heart rate, respiratory rate, palmar evaporative water loss,
urinalysis, reac'don time, decision time, critical flicker-fusion, subjective fatigue and well-being,
and intelectual facility. The intercontinental flights included East-West and West-East with each
crossing 6 or more time zones. From the considerable volume of data obtained, there are
apparent certain general findings which possess practical implications and which will be reported.
In brief, these pertain specifically to such phenomena as the lag time for a shift in phase of a
given biological paiameter, the degree of synclironization in the shifting in phase of different
parameters, and performance deficits associated with these phase shifts. Also to be reported are
the differential characteristics of these phenomena manifested during the two different phase
shifts, primary and back, and, additionally, the extent of inter-individual differences.

520 Hauty, G. T., & Adams, T. Phase shifts of the human circadian system and performance
deficit during the oeriod of transition: Il. North-South fliyght (AM 65-30). Office of
Aviation Medicine, Federal Aviation Agency, December 1965. (NTIS No. AD 689812)

At periodic intervals throughout the biological day, biomedical assessments were
made for a week prior to jet flight to Santiago, for 12 days at Santiago and for a week following
return to Washington, D. C. From a comparison of these data with those obtained from the
East-West flights and West-East flights, tie following conclusions were derived:

(1) While the East-West and West-East flights effected a primary shift of phase of
circadian periodicitv manifested by the physiological functions, the North-South flight did not.

(2) The North-South flight produced a significant increment of subjective fatiguc, as
did the other two flights.

(3) Significant impairment of psychological performance produced by the East-West
but not the Wesi-East flight was not shown by the North-South flight.
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821 Hauty, G. T., & Adams, T. Phase shitts ot the human circadlan system anu pertormance
deficit during the periods of.transition: I. East-west flight. Aeriospace Medicine, 1966,17,
668-674.

At periodic interxalk throughout the biological day biomedical assessments were
made for a week prior to jet fight to Manila, for 8 days of layover at Manila and for a week
following return to the environment of origin. The data revealed that for die physiological
functions assessed time displacement effected a primary shift of phase of circadian periodicity
which, for rectal temperature and heart rate, required 4 days for completion and, ior palmar
evaporative water loss, approximately 8 days. Return back to the environment of origin also
effec:.d a shift of phase requiring only I day for completion. Behavioral integrity was degraded
during the primary period of transition and, to a lesser extent, during the period of transition
occasioned by return to the environment of origin but duration of behaviocal impahment was
much shorter than the lag time of physiological phase shifts.

822 Hauty, G. T.. & Adams, T. Phase shifts of the human circadian system and performanc.
deficit during the periods of transition: II. West-east flight. Aerospace Medicine, 1966, 37,
1027-1033.

At periodic intervals throughout the day, biomedical assessments were made during
the week prior to jet flight to Rome, throughout a 12-day layover in Rome and during the week
foliowing return to Oklahoma C~ty. Completion of the primary shift of phase of the circadian
periodicity manifested by internal temperature and heart rate required from 4-6 days and 6-8
days, respectively. Increase in subjective fatigue occurred during the primary period of transition
and following return to the environment of origin but psychological performance was not
impaired to any statistically significant extent during either of these periods. Compared to the
time lag of the physiological phase shift, the duration of subjective fatigue was very short.
Comparison of these results with those obtainied from a previous East-West flight did not reveal
striking bidirectional differences save for the possible exception of psychological performance
which was significantly impaired in the case of the East-West flight.

15 Hauty, G. T., & Smith, F. L. Psychological correlates of physiological circadian periodicity.
In W. P. Colquhoun (Ed.), Aspects of human efficiency: Diurnal rhythm and loss of sleep.
London: English Universities Press, 1972.

The data to be reported here were obtained from a series of studies designed to
appraise the effects of time displacement upon human psychological and pnysiological functions.
In brief, these functions were assessed at periodic intervals throughout the accustomed waking
day for two or four alternate days. This provided a base of reference, following which the
subjects were transported by jet commercial aircraft across 7-10 time zones to a given destination
where they remained for 8-12 days, during which they were subjected to the same schedule of
psychological and physiological assessments. Finally, the subjects were returned to the origin of
the flight where, again, assessment was made on alternate days for a period of a week.

For this report. the data obtained from the assessment of psychological functions
prior to transcontinental flight were analyzed for periodicity and its relationship with the
generally stable circadian periodicity manifested by rectal tempcrature.

1I



504 Hazemann, P., & Lille, F. Somatosensory evoked potentials, attention Qnd voluntary
self-piced movements. In W. C. McCallum and 1. R. Knott (Eds.), The responsive brin.
Pr,)ceedings of the Thi,-d International Congress on Event-Related Slow Potentials -t the
Brain. Bristol, England, 1973. Bristol: John Wright, 1976.

Summa-ion of component chatnges clearly demonstrates that the SEP was attenuated
by tie temporal proximity of a voluntary motor act. This attenuation was greatest in the
220-msec epoch just preceding switch closure.

Modulation of the individual components was generally similar to those of the
summated score. Only the late (+240 msec) component failed to reach its minimum just prior to
s'vitch closure, while the -130 msec component was the only component which was regularly
augmented by the motor activity.

Mechanisms responsible for modulation of the SEP in our experiment are open to
speculation. Coquery et al. (1972) studied SEPs and motor activity, but obtained somewhat
different results. They found an increase in the SEP prior to the onset of electromyographic
activity and SEP diminution following contraction when the motor act and stimulus were
ipsilateral. When the motor act and stimulus wt.re contralatera! the SEP increase persisted during
and fotlowing the contraction. We have never obseved an enhancement of the SEP related to the
motor act.

Broughton et al. (1949) observed 4 decreaw in the SEP during fist clenching and
Dinges and Klingaman (1972) observed an enl-ancement of the VEP concurrent with 'isduced
muscle tension'. Karlin ijt L. (1970) observed a variety of AEP variations but could not attribute
them unequivocally to the occurrence of a motor response. It may be that attentional orientation
to the motor act with concomitant distraction to somatosensory perception shGuld be taken into
account. Thus, the S who was required to bar press rhythmically, might have paid sufficient
attention to the task to attenuate the SEP in somewhat the same fashion as has been
demonstrated for the discrimination task alone. Passive induced motor activity might overcome
Nhis problem. In any case, SEP attenuation prior to movement strongly suggests an effect specific
to motor activation.
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BW Heinemann, L. G., & Emrich, H. Alpha Activity during inhibitory brain processes.
Psychophysiolt 1971, 7,442-450.

Three studies involving quantitative changes in alpha Activity are reported. Sixteen
normal volunteers were shown neutral or emotionally provoking words appearing witlh slowly
increasing intensity on a frosted glass pane in A darkent-d roxm. A differential reaction was
observed, i.e., with rmoliunal words there was a higher alpha percentage from tCe time before the
Ss perceived the light until after they could read the word. In the second study 10 normal
volunteers were stimulated with closed eyes for 2-sec periods of diffuse light after the hypnotic
suggestion of blindness. Compared with the prestimulus interval there was Arn average increase in
alpha amplitude, whereas the control condition showed the usual alpha decrease during
stimulation, In the third study 32 chronic schizophrenic patients were giveu. a Phenothiazine
derivative over 3 months after a 2-month placebo period. Ratings of alpha activity as to occipital
amplitude, group length, topographical extension, and occurreiice in synchronous groups
showed A progressive increase from the placebo condition to the third month.

WN Heinemann, U. Time variability of slow negative potentials and changes In alpha rhythm.
Ele#-troencephAlography and Clitiicai Neurophysiology, 1973, Su lmenft 33, 125-126.

The purpose of this paper is to report some res.tilts on slow negative potentials (SNP)
preceding voluntary movements and changes in Alpha rhythm during this period.

In our expeiiments 21 Ss were tested in a "readiness potential" situation. They were
asked to press a lever arbitrarily every 5-15 sec in order to release either optical or acouslica!
stimuli, the latter changing in character, intensity and frequency. In another experimental
situation, they inflicted themselves with electrical shocks just above the threshold of pain. The
subjects classed the diffehvent stimuli as either dull, pleasant or distressing. The experiment%
included one sesion in the classical readiness potential situation and one in A CNV situation. The
electromyogram, recorded when pressing the lever, w a- used to trigger the stimuli presentations.
The subjects sat in a dark, sound-proofed ch.,,mber with their eyes closed. The EEG (time
constant = 1.2 sec) was recorded from both hemispheres, either central-mastoid or postcentral
mastoid. The EEG and the myogram were stored on a magnetic tape and were available for
fut ther computer analysis.

527 Helander, M. Vehicle control and driving experience, A psychophysiv;ogical approach.
Proceedings of the 6th Congress of the International Ergonomics Association, 1976,
335-339.

An instruinented vehicle was used for real-time recording of drivers' physiological
characteristics (galvanic skin response, heart rate and muscle activity), steering and braking
behavior and vehicle response (speed, distante travelled and triaxial accelerations).

Thirty-three drivers performed test-drives along a 25 km stretch of rural road.
Seventeen of the drivers were inexperienced and the rest experienced. Response values of vehicle

' control vatiables were similar in both groups, whereas physiological responses displayed large
differences. Using multiple regression tuchniques it is shown that for the inexperienced group,

* road-traffic situations involving the use ot the brake ex.plain most of the variance in the
physiological measures. Similarly, the steering response w.is the most important variable tor the
experienced group.

GSR seems to be an efficient indicator of the mental effort involved in driving.
Control skills develop rapidly whereas the discrepancies in physiological responses indicate the
relatively slow development of skills necessary for collecting the relevant information.
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meHelper, M, M. DC q etectg, of noise tin work output and hyitjc actiauion (Repot
No. 270). US Army Medical R~carith Laboratory, Fo'rt Knox, Kentucky: Psychologv
D)epartment, Oc-tober 1956. (USAMRL P~roject No. 6-95-20-001. S-3)

No difference was found between penormAnce scores obtainted in noise and in quiet.
Skin conductance was higher when the task was 1rerformned in noise than *hien the uas% was
performed in quiet. During the Task-Noise coroditooki. on.: hour in duration, %.kin coiiductance
showed no tendency to revert to the non-noise level. These findinr' suggest that the presence (it
noise during a task situation may result in increased activity of the sympathetic branch of the
autonomoic nervous system.

All 3 physiological variables indicated that noise alone was less sttesstul titan noise
and task combined. Muscle tension was greater during performance of the task in quiet than
duo ing exposure to tloe noise in the Absence of the tisk. These findings indicate that noise alone
(of the intensity used) i-. relatively non-stressful when compared to performing a difficult mental
task under noise, and possibly less saressful than performance of t0 task alone.

perormncein ouie: than to A*ny physiological mneasure. however, high skin conductance in noise
and hortpulse interval (high heart r~te) in quiet were significantly associated with good
perormnceunder notie. Short pulse interval in qjuiet was Also associated with good performance

in quset. Deterioration of performance during an hour session was associated with slowing of theI
heart rate (increase in pulse interv.%l) during that time, whether or not noise wa'% Present. No
relationship was found between Any of tile physiological variables aP4 Changes in performance
attributable specifically to noise.

Largely on the basis ot tht measurementsi of skin co)ndudtance, it is concluded thatI
although noise alone (of 110 db) was relatively nor -stressfil and although the presence of noois
did not produce it significant change in performance, noise does add slightly but significantly to
the stressfi-lness, of mental work.

620 Heninger, G. R., Mc~onaid. R, K., Goff, W. R., & Sollberger, A. Diurnal variations in the
cerebral evoked response and EEG. Arch.-ve of tieuroioy 1969, 21. 330-337,

The present study was undertaken to determine, the relationship between t4iurnAl
changes in circulating corticotropin and 1 7-hydrocorticosteroids (1 7ONS) levels and the electi wial
activity of the brain.

Significant morning to evening changes in both the somatosensory And visual evoked
resonssAs well ais in the circulating 1 70HS levels, were found. The kdminis'trAtion of

dexaethaonewhich suppressed corticotropin release and imposed a stable 1 i0HS state,
shortened l~tencies and increased Amplitudes in the visual evoked response, but it did not
significantly affect the observed diurnal changles in either the visual or somatosenory evoked
responses. It is concluded that the observed diurnal variations in electrical -rtivity of tile brainl
are not a function of diurnoal changes in either cort~cotropin release or ci. aig170H-S levels.



560 Henry, C. E. Electroencephalographsa individual differences and their corstancý. II.
During waking. I f Elcr.m..tl h , 1941,o, 236.147.

1. An attempt has been made to determine whether individual differences in the
alpha index of tme EEG are the reflection of fi ed, unaltetabie and perhaps genetically
determined characteristics, or whether these differenrtes may Oiange or perhAps disappear as the
individuals are engaged in various types of psychological •ctivities.

2. A wide variett of experimental conditions and a wide variety of ublrects have
been employed in an attempt to offer oppofrtunitý for the appearance (or disappearan1cC) of
importnt changes in the EEG.

3. The percent time alpha has been utilized as the index of the EEG with the
realization that it encompasses onlV one aspect of the total recoru.

4. What appear to be tie most adequate statistical techniques available for

the evaluation of such data have been used.

S. Certain conditions of psychological AtitavitV coupled with visual stimulation
resulted in the reduction of inter-individual differences to the point where they did not
significantlý e•ceed intra-individual difference%.

6. Inter-individual differences in many conditions, when maintained, were the
expression of a different heterogeneity than found under control conditions.

7. It was not possible to predict accurately from this measure obtained under
'standard' conditions. the tv e and distribution of hanges in peacent time alpha occurring under
other conditions.

8. These findings are considered as offering some support to th-e hypothesis that a
reduction of 'psychological' individual differences may be ai-ompanied by a reduction oi
electroencephalographic individual diffei ences.

am Hernandez-Peon, R. Psychiatric implications ol neurophysiological research. Bulletin of the
Menninpr Qliic, 1964, .1, 165-185.

Attention mechanisms, central influences in attention, and the role% of sleep, vigilance
and dream systems are among the topics examined neuroph, siologicallN.
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tm I lei na•,de•-Peon, R. Physiological mechanisms in attention. In R. W. Russell (Ed.),
.I b,.%,�!. n i yinl D •.chi New York: Academin. Press, 1966.

This article reviews research using both human and animal subjects, and covers the

following topics:

I. Scnsor'r Inhibition

2. Extraenu)ry Inhibition

i. Senstry Facilitation

4. Sevsory Filtering

S. Classificiation. of Attention

6. Sensory I ransmission

5W Herrington, R. N., & Schneidau, P. The effect of imagery on the waveshape of the visual
evoked response. Experientia, 1968, 24, 1136-1137.

In recent experiments demonstrating changes in the waveshape of the visual evokeo
re•spons (VER) when a visual form is placed in the visual field, it is not clear whether the change
i• . diiect and inevitable consequence of the patterned distribution of light on the retina in a
s%.tem for which precise somatotopic locall tion is claimed, or whether these changes manifest
the cellular activities underlying cognition. The experiments reported below %uggest that
cognitive proesses are reflected in the VER waveshape.

534 Hess, E. H., & Polt, j. M. Pupil size as related to interest value of visual stimuli. Scence,
1960, 132, 349-350.

Increases in the size of the pupil of the eye have been found to accompany the
'dewilg of emotionAlly toned or interesting visual stimuli. A technique for recording such changes
has been developed, and preliminary results with cats and human beings are reported with
attention. being given to differences between the sexes in response to particular types of material.
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5W Higgins, J. D. Psychophysik igical correlates of attentional processes in humzns (Doctoral
dissertation, The Pennsylvania State University, 1969). Dissertation Abstracts
International, 1970, 31, 2309B. (University Microfilms No. 70-19, 417)

An eype'irnent was carried out to evaluate the relationship of human heart rate and
blood volome activity to attentional processes. Analogs of the novelty and signal value variables
were manipulated in anticipation of stimulation. These two analogs were defined as "average
stimulus uncertainty" and "signal expectancy," respectively. The autonomic activity prior to
stimulation was thought to represent tonic attentional variables, while the response to a stimulus
(as a function of its novelty and signal value) was thought to represent a phasic orienting
response.

The results of this experiment indicated that blood volume activity, while definitely
showing changes in anticipation of stimruation, was only minimally" related to the tonic
attentional manipulations. The blood volume activity was, however, quite sensitive to the
stimulus novelty and signal value variables in response to stimulation.

The HR response was basically triphasic in form; the method of computer averaging
consistently noted a small deceleration prior to the initial stimulus, then an acceleration, andfinally a [.arge prominent deceleration in anticipation of the second stimulus of the contingent
pair used. The HR acceleration was shown to be related to stimulus uncertainty, but not to signal
expectarc y.

The special importance of. anticipatory decelerations was pointed out because of
their Jiasing influence on "base" HR measures as generally calculated in psychophysiological
investigations. The case of the ubiquitous HR acceleration to non-signal stimuli was discussed as a
pertinent example of how anticipatory HR changes can distort apparent HR changes after
stimulation.

5W Higgins, J. D. Sct and uncertainty as factors influencing anticipatory cardiovascular
responding in humans. lournal of Comparative and Physiological Psychology, 1971, 74,272-283.

Human heart-rate and vasomotor activity were monitored while the subjects'
expectancies concerning which of two stimuli would occur were manip•ulated. One stimulus
demanded a but n-press response while the other required the subject not to respond. In one
group this repon.e served merely to detect the respond stimulus, while in a second group it was
given the added dimension of being a reaction-time response. In both groups cardiovascular
activity leading up to stimulus onset was observed to be a function of stimulus uncertainty rather
than a simple function of the respond stimult!s'3 expectancy. It was concluded that anticipatory
cardiovascular responding reflected the attentional requirements of the task rather than simple
motor preparation.
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537 Hillyard, S. A. The CNV and the vertex evoked potential during signal detection: A
preliminary report. In E. Donchin & D. B. Lindsley 'Eds.),.JLUL..Lrevoked potentials:

Methods results and evaluations. Washington, DC: US Government Printing Office, 1969.

Considering these facts, the P300 wave seems to reflect the detection of a stimulus
b! rnging to a particular category, which 0 is prepared to receive because of its relevance in
solving his immediate problems. If 0 has his attentional "filters" selectively tuned for a particular
stimulus configuration, has evaluated its implications, and is set to respond to it accordingly, then
that stimulus should evoke a P300 when detected. The CNV would then indicate that the
environment is being scanned for a specific, expected stimulus configuration, while the P300
indexes the decision that it has indeed arrived.

I1 the P300 represents the resolution of uncertainty and a decision, it may be asked
why a similar degree of resolution did not occur on the (no/noise) trials. One possibility is that
the "no" decisions were not precisely time-locked to the stimuli, so that its P300 referent was
not compuIter-averaged; another is that a negative inference (absence of signal) may bepsycholoic 1lv less decisive than the receipt of positive evidence.

53a Hillyard, S. A. Relationships between the contingent negative variation (CNV) and reaction
time. Phyliologvj Behavior, 1969, 4, 35 1-357.

In a reaction time (RT) test, ten normal adults made lever presses to tones that were
preceded by warning clicks. During the preparatory interval between click and tone, a slow
negative potential .hift (CNV) was recorded from the scalp. The CNV was partitioned into an
artifactual component caused by eye movements and a "true" or tCNV, presumably arising from
the brain. Over a long series of lever pressing trials, the trial-to-trial variability in tCNV was
inversely correlated with the RT of the motor response in half the subjects. The largest tCNVs
preceded responses executed with the fastest RTs. lhese relationships were complex, and the
problem of defining the behavioral correlates of the tCNV was discussed.

539 Hillyiard, S. A. The CNV and human behavior: A review. Electroencephalograp 1 and
Clinical Neurophý siology, 1973, Su pplement 33, 161-17 1.

Our attempts to conceptual'ze how the CNV influences the behavioral events which
it precedes have been frustrated by two main types of experimental facts. First, CNVs occur in
preparation for very diverse types of motor, perceptual and cognitive ects which defy
categorization along the lines of traditional psychological variables. Second, the CNV does not in
general predict subsequent behavioral performance with a high degree of reliability.

The paradigms in which CNVs are generatcAl may tentatively be classified into four
general types (Hillyard 1971): (a) holding a motor response in readiness; (h) preparing for a
perceptual judgement; (c) anticipation of a reinforcer, positive or negative; and (d) oreparing for
a cognitive decision. Rebert (1973 this volume) agrees that either the CNV can be different ated
into a family of task-specific event-related slow potentials, each having a different brain
mechanism and functional role, or that it is a manifestation of a unitary process (eg., arousal)
common to all such preparatory acts.

2M
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540 Hillyard, S. A., Courchesne, E., Krausz, H. I., & Picton, T. W. Scalp topography of tile P3
wave in different auditory aecision tasks. In W. C. McCallum and 1. R. Knott (Eds.), tj_
responsive brain. Proceedings of the Third International Congress onl l-vent-Related Slow
"Potentials of the Brain. Bristol, England, 1973. Bristol: John Wright, 1976.

Sixteen channel mappings of the scalp topography of the late positive P3 wave were
obtained during 5 different decision tasks. All types of P3 s had in common a very broad
distribution across the posterior and lateral scalp. There were certain significant disparities in
topographies among some of the P3 s, however, indicating that a simple 'unitary P3 ' hypothesis
may require modification. In addition, the P3 accompanying detection of a threshold level tone
was clearly dissociable topographically from the fall-to-baseline of the preceding CNV.

541 Hillyard, S. A., & Galambos, R. Effects of stimulus and response contingencies on a surface
negative slow potential shift in man. F-lectroencephalography . CJJjj4jc Neu• o •si.. ,
1967, 22, 297-304.

A slow wave potential was recorded extracranially from 11 Ss during the fixed
"interval between a warning stimulus (S 1 ; flash of light) and a burst of clicks (S 2 ) which they
terminated by pressing a lever. As Ss learned the fixed sequence S 1 -delay-S 2 -respond, a surface
negative potential shift appeared during the S 1 -S 2 interval. Since the magnitude of the shift
depended upon the contingent association between S I and S 2, it was called contingent negative
variation (CNV). When Ss were not required to respond to the clicks, no CNV appeared, When
they were told to turn off the clicks, the CNV increased in amplitude at a rate that depended oin
prior individual experience with the paired flash-clicks contingency. Omission of clicks with no
warning to the Ss resulted in gradual diminution of the CNV; subsequent reinstatement of clicks
caused the CNV to increase in amplitude again. A significant negative correlation between size of'
CNV and RT was found over several trials. The relation of the CNV to subjective expectancy and
intention to respond was discussed.

542 Hillyard, S. A., & Galambos, R. Eye movement artifact in the CNV. Electloenlcehlogrdaph
and Clinical Neurophysiology, 1970, 28, 173-182.

During the preparatory interval between a warning click and a tone burst that
signalled a lever press, a slow negative potential shift (CNV) was recorded from the scalp in ten
normal adults. When the eyes were closed, involuntary eye movements during the click- tone
interval consistently generated potential shifts which spread from the corneo-retinal dipole to the
scalp electrodes and thereby contaminated the CNV.

The CNV was quantitatively partitioned into an artifactual component caused by

ocular rotation (the EAP), which summated with the second component, presumably of cerebral
origin, called the "true" or tCNV. The EAP amplitudes were estimated from concurrent

* recordings of the electro-oculogram. In the average subject, 23% or -6.1 aV of the total CNV was
comprised of EAP, and the EAP often reached from -10 to -15 lAV. The accuracy of the partition
was verified by comparing tCNVs recorded with eyes closed and with eyes immobilized by
fixation.

The CNV produced during voluntary eye movements was similarly divided into a
tCNV, which was tripled in amplitude when ocular responses were made with increased speed and
effort, and an EAP, which was determined solely by the amount of ocular displacement.
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5 Hillyard, S. A., Hink, R. F., Schwent, V. L., & Picton, T. W. Electrical signs of selective
attention in the human brain. Science, 1973, .U, 177-1 80.

Auditory evoked potentials were recorded from the vertex of subjects who listened
selectively to a series of tone pips in one ear and ignored concurrent tone pips in1 the other ear.
The negative component of the evoked poterntial peaking at 80 to 110 milliseconds was
substantially larger for the attended tones. This negative component indexed a stimulus set mode
of selective attention toward the tone pips In one ear. A late positive component peaking at 250
to 40C milliseconds reflected the response set established to recognize infrequent, higher pitched
tone pips in the attended series.

5" Hillyard, S. A., Squires, K. C., Bauer, j.W., & Lindsay P. H. Evoked potential correlates of
auditory signal detection. Science 1971, 172 1357-1160.

A long-late .cy component of the averaged evoked-potential recorded from the
human scýiip varied in close relationship with 3 Ss' perceptual reports in an auditory signal
detection task. Detected signals evoked potentials several times larger than did undetected signals,
falsely reported signals, or correctly reported nonsignals. The threshold signal intensity at which
detection performance exceeded chance levels was ident 'al with concurrently obtained
electrophysiological measures of threshold. '

546 Hink, R. F., & Hillyard, S. A. Auditory evoked potentials during selective listening to
dichotic speech messages. Perception and Psychophysics, 1976, 20, 236-242.

The sensitivity of the scalp-recorded, auditory evoked potential to selective
attention was examined while subjects monitored one of two dichotically presented speech
passages for content. Evoked potentials were elicited to irrelevant probe stimuli (vowel sounds)
embedded in both the right-and the left-ear's message. The amplitude of the evoked potential was
larger to probe stimuli embedded in the attended message than to probe stimuli in the
urattended message. Recall performance was unaffected by the presence of the probes. The
results are Interpreted as supporting the hypothesis that this evoked potential sensitivity reflects

an inNiMl "input selection" stage of attention.

54 Hockey, G. R. J., & Colquhoun, W. P. Diurnal variation in human performance: A review.
In W. P. Colquhoun (Ed.), Asect.s of human efficiency: Diurnal rhythm and loss of sleep.
London: English Universities Press, 1972.

This paper has attempted a coverage of the findings on human performance as a
function of time of day. A number of fairly clear conclusions can be drawn fron, these findings:
(1) There ;s a marked rhythm in the efficiency of human performance, both in normal and in
many unusual environmental condtions. (2) This rhythm has a primary per; d of 24 hours, and its
effects appear not only when tests are made during the normal waking day, but also when they
are carried out through the night. (3) There is a high degree of correspondence between diurnal
changes in performance and in body temperature. (4) Adaptation of the temperature rhythm
normally occurs within 4-6 days of a changed sleep-waking schedule, usually in the form of a
flattening, rather than a phase-shift, and performance tends to follow this adaptation. (5) Task
selection is an important aspect of design in diurnal rhythm experimentation, since those tasks
with a large memory requirement may give an inverted rhythm. (6) Diurnal variation in
performance may be minimised by appropriate instruction of, or special 'effort' on the part. of,
the subjects employed; and can be masked by the use of an insensitive test of performance. (7)
Care must be taken to eliminate or balance all the known major sources of experimental
interference In diurnal rhythm studies if the results are to be of real value.
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1547 Hof, M. W. van, The influence of attention on the occipitocortical responses to
lightflashes in man. Documenta Ophthamologica,. 1964, 1$, 238-244.

Human occipito-cortical responses to intermittent photic stimulation were studied.
In the majority of the subjects the most obvious effect of image formation on the flickering
screen was amplitude reduction in those components occurring more than approx. 100 msec after
the beginning of the flash. It is argued that this effect is caused by the image formation on the
retina as such and not by the activity of some "attention mechanism".

In 15 subjects a comparison of the effect of image formation and that of
flash-counting was made. In 13 out of these. subjects the above mentioned effect of image
formation was seen. Only one of these 15 subjects showed systematic changes due to
flash-counting, namely an increase of the first negative wave (80 msec after the start of the flash),
whereas, Image formation in the same subject gave amplitude reduction of later components. This
rcaction to flash-counting was the only instance where it was necessary to postulate the activity
of an "attention mechanism".

e4s Hof, M. W. van, van Hof-van Duin, I., van der Mark, F., & Rietveld, W. 1. The effect of
Image formation and that of flash.counting on the occipito-cortical response to
lightflashes. Acta Physiologica et Pharmacologica Neerlandica, 1962, 11, 485-493.

The influence of an emotionally neutral image upon the averaged occipito-cortical

response evoked by periodic lightflashes was studied in 15 subjects.

In 13 of these subjects systematic changes due to the presentation of a retinal image
were found.

Amplitude reduction was the most characteristic alteration: often confined to that
part of the response occurring more than some 150 msec after the beginning of the flash.

It is argued that there is no reason to invoke the participation of an "attention
mechanism".

In the same experiments the influence of flash counting was studied. One of the 15
subjects showed systematic changes due to flash counting, consisting of an increase of the first
negative wave (80 msec after the start of flash), whereas image formation in the same subject gave
amplitude reduction of later components. This reaction to flash counting was the only instance
where it was necessary to postulate an "attwntion mechanism".
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540 Hoffmann, H., Mayer, H., Grundei, M., & Meier, W. Verkehrsmedizinische untersuchungen
zur frage des kreislaufverhaltens, der korperlichen und seelischen belastung von
kraftfahrzeugfuhrern in verschiedenen fahrzeugtypen und auf fernfahrten. [Medical
research on circulation and physical and mental stress in long-distance dri.ers of various
types of vehicles.) Zentralblatt fur Verkehrs-Medizin Verkehrs-Psychologie Luftund
Raumfahrt-NI•edizin, 1971, U, 193-224.

A report on research to determine variations in cardiovascular function (ECG, pulse
and blood pressure) and respiratory frequency during an 8-h journey, by night or by day.
Fifty-six professional or non-professional drivers were tested. Preliminary remarks on physiology
and legal matters are followed by a detailed description of methods. Results are recapitulated in
numerous tables and diagrams, accompanied by commentaries. Pulse and respiration rates
increased proportionally to driving errors and ECG modifications. There was virtually no
difference found between night and day journeys.

II

55o Hoffmann, H., Reigers, H., Strubeýl, H., Quednow, H., & Schneider,H.
Kreislaufuntersuchungen bei kraftfahrzeugfuhrern unter variierten fahrbed ingungen.
(Studies of blood circulation of motor vehicle drivers under various driving conditions.1
Zentralblatt fur Verkehrs-Medizin Verkehrs - Psychologie Luftund Raumfahrt - Medizln,
1970, 16, 192-233.

Report on studies carried out to provide an insight into the demands imposed on
motor-vehicle drivers by various traffic conditions and to determine to what extent disease
reduces aptitude for driving or, conversely, to what extent illness may be aggravated by driving.
After describing the investigational met.hods adopted, the authors discuss the behaviour of the
circulation of healthy drivers and ot drivers with vegetative ,nervous disorders or with organic
cardiovascular disorders (coronary insufficiency, cardiac muscular insufficiency, high blood
pressure) in simple and critical traffic situations, in the light of their findings and the literature.
Finally, they consider the effects of driving practice on the psychic and physical stress to which
drivers are subjected. Their findings are analyzed by statistical methods.

551 Holloway, F. A., & Parsons, 0. A. Physiological concomitants of reaction time
performance in normal and brain-damaged sut-jects. Psychophysiolog , 1972,9,189-198.

Autonomic and somatic concomitants of simple reaction time performance were
examined in normal and brain-damaged patients. The reaction time task involved a warning
stimulus preceding the execution stimulus by a variable foreperiod. The normal Ss displayed the
expected relationships between performance and physiological activity, such that fast reaction
times were associated with greater HR deceleration, larger electrodermal response magnitudes,
and less EMG activity during the preparatory foreperiod of the task. BD Ss, however, generally
displayed either no relationships between autonomic or somatic activity and reaction time or a
relationship opposite to that seen in normals, namely, that slower reaction times were associated
with larger autonomic responses to the warning stimulus. The results were discussed in terms of
two possible mechanisms which may be operative in the BD Ss: (1) that their autonomic
responsivity becomes "dissociated" from changes in the external environment, and (2) that such
"dissociated" activity may i epresent or reflect an active source of interference with the S's ability
to attend to or to efficientl y execute the task.
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562 H oloch, J. Wachsamkeitsorognose Ia .t'b.9mouteranalvse Les Spontanen
Elektroenzephaloirammes. [ lhc.9roanosi .t u computei analysi of the A
Lo ~ontaneous eIctroencephao2ram.] Doctoral dissertati.n, Techische Universitaet -

Muenchen, 1972.

In the present study, an eb~ective technique Is presented for determining S's
vigilance state by analysis of the spontaneous EEG, which holds out the prospect of an eventual
on-line monitoring of the time course of human vigilance during prolonged observing activities.

After a review of methods for revealing consciousness states and of various vigilance
theories, four hypothetical vigilance levels are distinguisthcd which are clearly defined in the
experiments by the task at hand and the behavior of S:

* Nonspecific vigilance (B) - eyes open, no task

Specific vigilance (R) - eyes open, in anticipation of a signal to
which S will respond

Diminished vigilance (N) - eyes open, in anticipation of a signal to
which S will rnt respond

False-alarm vigilance (F) - eyes open, response with no objective
signal

The experiment was based on Mackworth's Clock Test (1950), the premise being
that the typical behavior of S during the experiment - namely response (R), non-response (N) or
false response (F) - corresponds to different levels of vigilance which must be denonstrable in
the EEG immediately prior to these states. Hence, only EEG segments 2.3 seconds in duration
are selected for evaluation which directly precede a signal ýR,N) or a response with no signal (F).
The treatment of EEG data in terms of acquisition, storage and mathematical analysis is based on
a system for the identification of EEG spectral patterns whose theoretical precepts and practical
realization are described by Boettge (1972).

In the present study, four Ss were each subjected (after a preliminary practice test)
to eight tests within a 14-day period (first test series) and two repetitive tests six months later
(testing phase).

Although the vigilance levels defined in this paper describe only a very limited region
of the vigilance continuum, we were surprisingly successful in differentiating these ei.,ls: c,,
individual evaluation of data from the first test series, an average of 79% of all random sar:.
are correlated with the correct vigilance group when 4 parameters are used, and 100% with 10 L')
(at most) 20 pa'rameters; when the data are treated collectively for all four Ss, the figures ar! 5:, %
Swith 4 parameters and 79% with 30 parameters.

The differentiation of data from the testing phase, which was done with the aid of
the 10-dimensional discriminant functions found in the first test series, is satisfactory for only

"* two Ss: 69 and 58%, respectively, of all random samples are assigned to the correct group. It is
presumed that the unsatisfactory results of the testing phase for the other two Ss (34 and 29%
correct classifications) are attributable to various variance componenits not included in the data
obtained during the first 14-day test series.
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03 Honda, H. Visually evoked pottntials during pattern discrimination tasks: I. Further
evidence. Tohoku Psycholo~ica _Folia, 1974, 33, 119-133.

In order to evaluate the reliability of the results obtained in a previous study, the
changes in wave form of the visualiy evoked potentials (VEPs) were observed in human Ss
during pattern discrimination tasks. Two tasks were given to 10 Ss. Each task forced Ss to focus
their attention on one of the discriminative cues ;size or form) of the weometrically patterned
stimuli. When Ss were asked to count in silence the stimuli,dividing them into large stimuli ant
small stimuli regardless of their forms, the VEP wave form was altered by the size rather than the
form of the stimuli. On the other hand, when Ss were asked to count in silence the stimuli,
dividing them into square stimuli and diamond stimuli regardless of their size, the VEP wave form
was altered by the form rather than the size of the stimuli. Results show the orderly effects of
selective attention on VEP wave form, and were interpreted to reflect the electrical brain
activities closely related to pattern perceptual processing.

e54 Hope, R. E. Puoillary .;,ize chanie as correkled with menta! activity. Unpublished master's
thesis, Naval Postgraduate School, Monterey, Calif., 1971. (DDC No. AD-720 697)

during An indirect measurement of mental activity was correlated with changes in pupil size a i
during simple multiplication solving. There was also a close correlation between mental activity
and the difficulty of the problem. With an increase in difficulty, there was an associated increase in
pupil size for correctly answered problems, but an associated decrease in pupil size for wrong
replies.

u•s Hopkin, V. D. Conflicting criteria in evaluating air traffic control systems. Ergonomics
1971,14, 557-5t4.

Sources of conflicting criteria in evaluating air traffic control systems include the
multiple aims of air traffic control, the numerous performance measures for each task, iincompatibility among behavioral, physiological and subjective data, the needs of man in contrast '

with those of the system, and individual differences. The extent of the conflicts may have been
underestimated in the past, because certain relevant measures have been neglected. The solution
requires greater awareness and quantification of these further measures and of the sources of
conflict in evaluation criteria, plus practical acknowledgement of them in the initial specification
of air traffic control systems.
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55 Hord, D., & Hilbert, R. Effect of sensory mode on the coherence and phase of brain
activity. Psychophysiology, 1977, 14, 94. (Abstract)

An important development for psychophysiological research is the spectral analysis
of brain activity during shorx time epochs, of the order of seconds. In the present work they are
examined as electrophysiological correlates of focused attention during auditory and visual
decision making tasks.

In 20 human subjects, frontal, central and occipital EEG was recorded before and
after each of 40 decisions per subject. The decisions occurred when gradually changing stimulus
parameters became sufficient for the subject to make a discrimination. Focused attention is
assumed to occur in the time epoch during which the decision is made. Two-sec EEG epochs
preceding and following each decision were spectral analyzed, using a Fast Fourier Transform.
Cross spectra were obtained for intra and interhemispheric pairs. Response averaging across trials
was then applied to the distributions of spectra to yield averaged spectra (AS) within subjects for
the short time epochs preceding and following decisions in the visual and auditory modes,

The resulting mean spectra had a low noise component for the same reason that
averaged evoked potentials do. The derived measures of coherence and phase, based on averaged
cross spectra, were then compared arross sensory mode. The hypothesis that the AS, coherence,
and phase angle of EEG during short time epochs Jifferentiates sensory mode was partially
supported. The results imply that the phase angle of EEG, when based or, short time epochs, may
be a useful parameter of brain function.

567 Hord, D. J., Lubin, A., Tracy, M. L., Jensma, 0. W., & Iohnson, L.C. Feedback for high
EEG alpha does not maintain performance o. mood during sleep loss. Psychop.., Iology,1976, 1_3, 58-61.

Can performance and mood during sleep loss be maintaine-d by self-induced high
EEG alpha activity? In a previous study, most oF the performance and mood measures showed I
sleep-loss impairment regardless of EEG alpha level, but attention and reported sleepiness were
less impaired for the high-alpha group (although the differences were of doubtful significance). A
constructive replication was carried out. In Group A (N=10) auditory feedback was contingent
on high alpha, and in Group B (N=10) auditory feedback was contingent on low alpha and low
theta. All subjects were repeatedly measured on auditory vigilance, addition, immediate recall,
and feelings of sleepiness for 40 hrs during which no sleep was permitted. Sixty min of EEG
feedback were given during each block of 220 min. Group A did produce significantly more alpha
for the first 24 hrs but this difference was not maintained. Both groups had significant sleep-loss
impairment on all measures. There were no significant differences between the groups in the
amount of impairment. Self-enhance(' EEG alpha activity does not prevent impairment of
performance or mood during sleep loss.
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ego Hord, D. J., Tracy, M. L., Lubin, A., & Johnson, L. C. Effect of self-enhanced EEG alpha

on performance and mood after two nights of sleep loss. Psychophysl!9!_!!!___, 1975, 12, •
585-590.

Can the deleterious effects of acute sleep loss on performance and mood be

ameliorated by self-enhanced alpha activity? Fourteen Naval volunteers were divided equally into
an experimental (alpha-contingent auditory feedback) group and a yoked control
(pseudofeedback) group. All subjects received feedback plus performance and mood tests during
3 baseline days and following 2 days and 2 nights without sleep. Feedback was given for 45 min
in the morning and 45 min in the afternoon, preceding pirformance and mood tests. The
self-enhanced alpha (experimental) subjects did produce more alpha than the yoked controls
during all feedback sessions except for one pair that was discarded. Of eleven measures that were
sensitive to sleep loss, two performance scores and one mood score showed significantly less
sleep-loss decrement for the self-enhanced alpha group (at the usual univariate .05 level). Two
recall scores and an anxiety score showed more impairment for the self-enhanced alpha group
following sleep loss. The differences were not significant, however, by the conservative
Dunn-Bonferrori multivariate criterion, so our results are not conclusive.

Alpha enh-.icement may help maintain performance that requires continuous
attention, such as counting and auditory discrimination, but does not ameliorate the sleep-loss
effect for anxiety, fnemo;y, and addition. __

Mn Horn, G. Physiological and psych uogical aspects of selective ptrception. In D. S. Lehrman,
R. A. Hinde, and E. Shaw (Eds.), Advances in the study of bchavior. (Vol. 1). New York:
Academic Press, 1 965.

1 hese remarks on the physiological events that accompany selective perception may 7

be summarized in -ne following way. When an organism attends to a stimulus, adjustments are
made in tht s-'1se .rgans so tiat the stimulu's evokes .. brisk rtsponse in the sensory pathways.
The response is sharpened and intensified by certain nmra, mechanisms which have been
describeki. The input appears to have access to cells in the tectt .egmental region, and perhapt to
other ce:is wh,'e response properties are similar to thc3e. It is pos ible that throughout the
period of perceptual response this access is miirtaintd, when access to these cells is no longer
available to the input the perceptual response to that input may cease.

The ntura! respornse evoked by a stimulus applied to an unattended sense organ
tends to be wed, becauie 6ht sense organ is not adjusted to oring the "image" of the stimulus
sharply to bear on the a:ray of receptors, and because activity in the attended pathways injects
"noise" into the unattended pathways. In many, perhaps most, instances, interference in both
these wa ', is almst certainly inadequate to prevent signals evoked by the unattended stimulus
from reaching the cerebral cortex. In the course of passing to and reaching the cerebral cortex,
the stimulus is ana•yzed. Presumably it is compared in som. way with pre-existing neural traces ot
past experience. On the basis of this %;omparison it may be supposed, the input is either
not permitted access zo cells of the tectotegmental type, in which case the input fails to evoke a
perceptua! response, or access is permitted. In the latter case, access by the previously attended
stimulus is rut off. This input ceases to elicit a perceptual response, which is now achieved by the
previously unattended stimulus.
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us. Horstfehr, H.O. The spatial sum of evoked responss to a single stimulus (light or sound)
recorded from the human scalp. E.1.tIroIphA.•9.A!p acid Fllniui Neurophysiololy,
1967, _.EWAZlemnt 2&, 39-146.

The slow potential changes or X waves (evocation) elicited by light stimuli
(invocation) which fall in the positive rather than negative deflections of spontaneous activity,
seem to have similiarity with the Expectancy Wave of Walter t j. (1964).

Whereas the cause of the E wave (expectancy, decision, intesltion) is energy derived
from the human being himself, the X wave is the reaction to energy (action) which comes from
outside the human system.

In both cases the energy influence (intention, ligt. causes in the organ, the human
brain, the appearance of a voitaic pile or potential difference: the potential energy precedes the
actuat energy. In other words, the intention to move one's arm (voltaic pile) precedes the intended
movement (spikes).

• If bioelctrogenesi is intended in these terms, we, must find out how human beings
may nwerate voltaic piles in their organs by will.

M61 Huchinpon. R. D. The effects of time stre4 and task difficulty on closed-loop tracking
performance and physiological correlates (Doctoral dissertation, Texas Christian
University, 1970). Dissrao A ts International 1970,11, 6292B. (University
Microfilms No. 714943)

An exploratory study was conducted to determine changes in human performance
and physiological currelates in a time-limited situation involving pursuit tracking. The tracking
task Involved a cathode ray oscilloscope in closed-loop with a control stick.

Twenty male college students performed nine pursuit tracking tasks which were
combinations of three levels of time constraint and three levels of task difficulty. Levels of time
constraint represented 100%, 60%, and 40% of the subject's own task time requirement at the
end of training while working at the same task without a time limit. 'Levels of difficulty were
introduced by three "time constants" representing minimum durations of target superimpositionI
required for lock-on. The physiological correlates which were recorded were autonomic changes

in heart rate, respiration rate, and skin resistance levels.

The principal findings were that several aspectn of performance improved with
increasing time constraint. Increasing task difficulty was associated with increased variability in
the time between sub-task completions, reduced efficiency in acquiring targets, but also less
integrated absolute error. Autonomic changes were found to be related to the treatment
conditions. The heart rate data suggested a reduction in effort on those task3 which were failed

I badly and an increase in effort on tasks where the outcome was in doubt until the end. Theexperimental technique of basing experimental time limits upon the subject's time requirements

during training was found to be successful in preventing differences in subjects's skill
from confounding difference due to the treatment conditions.
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m Huchingpon, R. D. Effects of time constraint on closedloop tracking performance and
hangs in heart rate. Perceptual & Motor Skills, 1973, §., 1195.1198.

Invest-iated the effects of 2 levels of time conistraint upon t.sk completion
performance and mean heart-rate changes during testing. Ss were 20 male university students.
The pursuit-tracking task involved a cathode ray oscilloscope in closed loop with a control stick.
The success criterion was 10 target lock-ons within predetermined time limits (100, 60, and 40%
of each S's self paced time requirements ai the end of training). Results indicate that
task•completion performance did not degrade with time constraint at the levels investigated.
Mean change in heart rate was significantly greater on those tasks where success was in doubt
until the end than on tasks where success or failure was a likely conclusion.

00 Hunig, G., & Mar&. E. Computer-assisted eve examination. Ill. Physiological indices for
subjective refraction. A jp ,Lojyurl of O22!,mtry A Archives of ,%me, ican Academy of
Optometry, 1973, 0., 968-977.

Made EKG, blink, GSR, arm acceleration, and respiration measurements on 38
patients during clinical, computerized eye examinations to determine whether there was any
correlation between these meaiues and S's uncertainty aoout his response ,s indicated by
reaction time and tone of voice. It was found that the EKG (4 Ss) and respirior/ rate (4 Ss)
were usually steady and insensitive to uncertainty of response. For 3 out ot 10 Ss tested in the
blink response, a rough correlation was found. The other 7 Ss produced non w. reiating response.;.
For 12 Sstested,GSR wasan unreliable indicatorof uncertainty. Eight Ssshow-!d little or no arm
acceleration movements during the attentive portions of the eye examinations.

9S4 Hutton, D. W. Eye movements and physiological responses to visual stimuli. Viewpoints,
197349, 29-36.

Reviews studies of eye movement and other physiological responses to visual skimuli
with relevance to the design of instructional materials. It is suggested that physiolngical
monitoring of vision may provide not only a better understanding of visual perception and
information processing, bu-, also offer some general guidelines fo! design of materials by the
educational practitioner.

MIS Hyndrnan, B. W., & Gregory, J. R. Spectral analysis of sinus arrhythmia during mental
loading. riolgO~mi.i 1975, ]J, 255-270.

A technique is presented for digitally prowessing cardiac intervals to produce the
low-pass filtered cardiac event sequence (LPFCES), a regularly sampled :in time) band-limited
zsignal, repros .nting in a standard form the information contained in the cardiac intervals. The
technique takes into account the physiological mechanisms of information transfer across the
pacemaker, and thereby produces a signal that has a physiological ccunterpart: autonomic
activity converging on the sino-atrial node. Sinus arrhythmia (SA) is then defined quantittively as
those harmonic components of the cardiac event sequence which corresrand to the signal that
modulates that event sequence (i.e., the convervine autonomic activity). SA is scored by
calculating the average total Dower (ATP) of the LPFCES, as well as the contribution of changes
in average band power (ABP) of various spectral bands to the ATP changes. This scoringtechnicue is shown to give a reliable indication of mental loading (and pcssibly reserve capacity)
in decision-making iasks. Possible mechanisms of reduced SA with menual loading are explored.
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666 Innes, H. E. Subjective and pys•iolofgcj indicato, of ij#g in vigilan• e
Unpublished maiter's thesis, Naval Post-graduate School, Monterey, Calif., 1973. (NTIS
No. AD-761 503)

This research represents an investigation to determine intracorrelations among
physiological parameters, a subjective rating of fatigue and performance during a vigilance task.
Simple and multivariate analyses indicate positive relationships between subjective ratings of
fatigue and heart rate, neck muscle tension level and two measures of sinus arryhthmia.
Subjective ratings were found to correlate with time-on-task. Effects of motivation on sinus
arrythmia are discussed in the context of information processing. Single variate correlations

between performance and heart rate, as well as with subjective ratings of fatigue, were observed
with significant but low correlation coefficients. Multivariate correlation of neck muscle tension
level and sinus arrythmia were found to be significantly correlated with performance.

667 Irwin, D. A., Knott, J. R., McAdam, D. W., & Rebert, C. S. Motivational determinants of
the "contingent negative variation." ilectroenceDhaloarahy.and Clinical Neurophysiology,
1966, 21, 538-543.

1. The motivational correlates of the vertex negative slow potential shift seen during
reaction time foreperiud, called "the contingent negative variation" or "expectancy wave", have,
been studied in two experiments with young adult human males.

2. In the first experimeit, a mAnual resporse to a visual stimulus was determined by
the position of the preceding auditory signal. Measurable CNVs following the auditory signal
were seen in all conditions, but they were significantly l(e when a manual response was made
to the second, visual, stimulus. No significant relatie;,sihs were seen between CNV magnitude
and either reartion time or anticipatory EMG activity.

3. In the second experiment, left and right tones were followed by weak and by
painful finger shock, respectively. Key-press to both shocks was instructed on one half of the
trials with order counterbalanced. CNVs were larger when the warning signal indicated painful
rather than weak shock would occur, and CNVs were also larger during response than
non-response conditions. No interaction was seen. Although reaction times were significantly
shorter to the strong shock, a significant correlation between CNV magnitude and reaction time
could be demonstrated only w':hin the weak shock condition.

4. These results were interpreted as indicating that if the contingent negative
variation is a measure of "expectancy" then the definition of such a term must explicidy include

£ motivational factors.
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Irwin, D. A., Rebert, C. S., McAdam,[D. W., & Knott, R. Slow potential changes (CNV)
in the human IEEG as a function of motivational variables. Ele_ __ctrnehaloahv andClinical Negro _hyisj~_k y 96,242-413. (Abstract)

The "contingent negative variation" (CNV) describe by Grey Walter, is a vertex
negative slow potential shift seen during reaction time foreperiod, which has been related to
"expectancy". This report, based on 46 normal human subjects, seeks firther psychological
correlates of the CNV.

In Experiment I (N=8), manual response to light was determined by the position of
a warning tone (left tone, no response; right tooie, response). Measurable CNVs, seen in response
to tone in all conditions, were significantly larger when a manual response was to I-- made to
light. In Experiment II (N=14), left and right tunes vere •0uiowed by weak and by painfui finger
shock. On half the trials, order counterbalanced, key-press to both shocks was instructed. CNVs
were larger preceding strong, painful than weak shuck, and for response than non-response trials.
No interaction was seen. In Experiment III (N= 12), left and right lights preceded threshold and
suprathreshold tones to which response was instructed on half the trials. CNVs were larger during
response conditions, and alse, following the signal preceding the threshold tone. No interaction
effects were seen. In Experimtnt IV (N=12), light was followed by tone to which response
requiring variable effort was instructed. CNVs were significantly larger when high than when low
effort was required

These data suggesi .,4t "expectancy" per se, is not the unique psycl,.1logica!
correlate of the CNV; conrditionts which increase the energizing factors in behavior ("motivatiorn",
"drive", "activation". etc.) also increase the magnitude of the CNV.

IM Itil, T. M. Digital computer analysis of the electroencephal•l~rair 0.Jrir•g rapid eye
movement sleep state in man. Journal of Nervous and Mental Dise.ase, •97',. 150, 201-2,;,.

To answer the question of whether the scalp-recordeci electr.'ncephalographical
(EEG) pattern of the rapid eye movement (REM) sleep (paradoxical sI kep) cal be discriminated
from the drowsiness state and awakening state, the visually identifivd, artifact-free, digital
computer-analyzed EEG samples of these three stages in seven volunteers were :oknpired for each
person as well as for the entire group. Statistical evaluation (analysis of ariance and discriminant
function) of the quantitative EEG measares demonstrated that the REU period is charac.terized
by a low voltage EEG with less alpha activity and more slow ard very fast activity than the
awakening and the drowsiness states. Since these kinds of EEG alterations have been observed,
particularly after anticholinergic "hallucinogenic" drugs, and since the increase of fast activity
during anticholinergic drug-induct.J "delirium" is related to an increase of perceptu~l
disturbances, a relationship between increased fast waves and an increase of mental activity,
during sleep (dream) has been postulated.
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1570 Ivannikov, V. A. Orientirovochnaya reaktsiya kak reaktsiya prednastroiki priS~~neopredelennosti situatsii. [The orienting reaction as prereadying reaction when the :

situation is uncertain.] Psikhologicheskie Issledovaniya, 1969,1 149-158.

Twenty 18-26 yr old Ss participated in a study of speed of cxtinction of the
different components of the orienting reaction as a function of degree of situational uncertainty
and character of the organism's actions. EEGs recorded the electrical activity of the occipital,
parletal-occipital ai J motor areas of the cortex of both hemispheres; EMGs recorded that of the
uhaar extensors of both- hands or the deep flexors of the fingers. GSRs were recorded from the
foot. In 2 series of experiments, 2 photic signals (P1 = 1, P2 = 0; pl = .5, P2 = .5) were
presented 8-15 sec apart, each eliciting a motor reaction in the appropriate hand. The data lead
to the view that the orienting reaction is not merely a simp!e reflex, but a complex adaptive
reaction under special conditions where uncertainty of prognosis exists.
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571 Janisse, M. P., & Kuc, S. G. The cognitive-emotional arousal distinction as assessed by pupil
size and heart rate. Psychophysiolof, 1977, 14, 80. (Abstract)

Several studies have shown pupil size and heart rate to be negligibly or ,..gatively
correlated. In the present study a difficult 7-number digit span (DS) was employed to assess pupil
and heart indices during both correct and incorrect trials. Subjects were grouped on the basis of:
1) Stress (ego- or nonego-threatening) instructions, and 2) Intelligence (ability on the DS
Forward subscale of the WAIS). Results were as follows: 1) During instructions there was no
difference between the Stress groups in pupil size, but heart rate interacted with time such that
following the threatening part of the instructions, the High Stress group exhibited greater heart *

irate. 2) During the Input phase pupil size increased over time and was larger in the High
Intelligence group and for Correct trials, but no main effect was found for Stress. Heart rate
during Input was significantly higher for the High Stress group, but no effects were found due to
Intelligence or Correctness, nor was there any increase over time. 3) During Output, pupil size
and heart rate maintained the same relationships as during Input. The discussion pointed to the
differences between the present study and that of Kahneman et al. (1968): that is, presence of '
stress instructions, a more difficult task, and a specific measure of intelligence. It was concluded
that the pupillary response was more sensitive than heart rate to cognitive variables, having
distinguished Intelligence groups, Correctness of trials, and increased load during Input.
Conversely, heart rate was more sensitive to emotional variables, having distinguished the Stress
groups both during Instructions and during Input. Finally, from the pupillary data on Intelligence
and Correctness it was concluded that performance wAs better here due to greater effort, and that
poor performance was due to lack of effort rather than greater task difficulty.

572 J ankovich, J. P. Human factors siurvey of locomotive cabs (F RA-OPP-73-1 )Crane, Indiana:
Naval Ammunition Depot, June, 1972. (NTIS No. PB 213 225)

Purpose of the investigation was to review design of locomotive cabs from the
human factors point of view. The following areas of human factors engineering are discussed:
construction of cab interiors; design of controls and displays; atmospheric conditions in the cab;
noise and vibration; seat design; physiology and vigilance of train driving.

Discussion of each subject is divided into three sections: (1) survey of relevant
literature, (2) conditions on domestic locomotives, and (3) recommendations to improve present
models and future design. The recommendations relate only to the designs reviewed under the
scope of this study and represent the viewpoint of the author and not necessarily those of the

FRA.
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573 Jarvilehto, T., & Fruhstorfer, H. Differentiation between slow cortical potentials
associated with motor and mental acts in man. Experimental Brain Research 1970, 11,
309-317.

In six human subjects negative slow potentials associated with voluntary movements
and discrimination tasks were studied. On the basis of their spatial distribution on the scalp the
slow potentials could be divided into three groups:

1. A central-dominant potential ('readiness potential') which is suggested to be a sign
of general readiness to perform a task.

2. A frontal-dominant potential which seems to be related to the uncertainty of the
subject. ý

* 3. A centro-frontal potential ('contingent negative variation') which probably results
from a summation of the electric fields of the central-dominant and the frontal-dominant
potential.

574 Jarvilehto, T., & Fruhstorfer, H. Is the sound-evoked DC potential a contingent negative
variation? Electroencephalography and Clinical Neuroohysiolog , 1973, Saupplement 3_3,
105-108.

Slow potentials, elicited in man by short sounds or by pauses interrupting a
continuous sound, were examined to ascertain whether the sound-evoked slow potential is an
objective correlate of the sound.

Both sound- and pause-evuked negative slow potentials occurred; they did not differ
in their characteristics and had the same fronto-central distribution as the CNV.

On the basis of these findings it seems to be most probable that the sound-evoked
slow potential recorded at vertex is a -ontingent negative variation.

75 Jarvilehto, T., & Mantysalo, S. Dependence of the CNV on the probability of occurrence
of S2. In W. C. McCallum & J. R. Knott (Eds.), .The repspnsive brain. Proceedings of the
Third International Congress on Event-Related Slow Potentials c-f the Brain. Bristol,
England. 1973. Bristol: John Wright, 1976.

The present results confirm the findings of Karrer et al. (1973a) who found
reduction in the CNV amplitude with an S2 probability of 1.00 compared with a probability of

,.0.5. The present results further indicate that the changes in the probability of occurrence of S2
do not produce correlated changes in the CNV and the RT. The change in the topography of the
CNV as a functior of the probability of occurrence of S2 supports the notion of at least two
different components of the CNV.
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676 Jenness, D. Auditory evoked-response differentiation with discrimination learning in
humans. lournal of Comparative & Physiological Psvcholo v, 1972, 80, 75-90.

The possible functionat significance of the registration of the salience of stimulus
events in the vertex potential was investigated with a discrimination-learning paradigm involving
stimuli that were equally informational but of different value. Wave forms were obtained over
the entire course of acquisition. Level of discriminative accuracy and extent of evoked-response
differentiation were closely related, and differentiation had to predominantly reflect
improvement in the perceptual-cognitive "labeling" of the stimuli. When the identical stimuli
served a feedback rather than a cueing role, evoked responses were markedly different, and there
was no apparent relation to accuracy or learning.

577 Jennings, J. R. Psychophysiological correlates of information processing in the obese and

underweight. Paper presented at the Thirteenth Annual meeting of The Society for
Psychophysiological Research, Galveston, Texas, 1973.

In conclusion I feel these results support three main points: 1) Active memorization
has a very potent e;fect on cardiac IBI - countering deceleratory influences and producing
cardiac acceleration. 2) The obese performance on information processing tasks is influenced by ,
difficulty and, perhaps, only to the dcgree to which the difficulty requires them to ignoreexternal stimuli. 3) The obese show a greater tendency than the underweight to exhib'it cairdiac

deceleration, and less tendency to exhibit cardiac acceleration. These effects may reflect
particular information processing sets within the obese.

578 Jennings, J. R., Averill, J. R.,Opton, E. M., & Lazarus, R. S. Some parameters of heart rate
change: Perceptual versus motor task requirements, noxiousness, and uncertainty.
Psychophysiology, 1970, 7, 194-212.

Investigated sensorimotor integration and physiological patterns in a modified RT
task with 30 male 18-28 yr old students. Following a ready signal, 1 of 2 discriminative signals
indicated that a right or left reaction was to be made to a go signal. For 1 group, the
discriminative and go signals occurred simultaneously; for another group, the go signal was
delayed 10 sec. In different sessions, shock occurred with the discriminative signal on 0, 33, or I
100% of the trials. The basic pattern of heart rate response was the same in all conditions, i.e.,
acceleration followed by deceleration immediately prior to the discriminative and go signals. All
experimental manipulations appeared to contribute to cardiac deceleration; e.g, the greatest
decrease occurred prior to the simultaneous discriminative-go signal with ,3% shock probability. j
The least deceleration (and fastest RTs) o-curred to the delayed go signal. Anticipation of a
motor response and/or shock also accerituated the accelerative limb of the heart rate curve, as
well as producing increased skin conductance. W"-cle action potentials from the chin showed an .

equivocal relationship to cardiac acceleratio, .s deceleration) and to faster RTs. Results are
discussed in terms of an attentional hypothesis, .. their relevance to speculations by J. I. Lacey
and P. A. Obrist is examined.
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Jennings, 1. R.; & Wood, C. C. Principa! component separation of pre- and post-response
effects on cardiac interbeat-intervals pn a reaction time (RT) task. Pscchophysioiomle 1977,14, 89-90. (Abstract)

Statistical dependencies in physiological data pose interpretive problems for most
psychophysiological research. Cardiac interbeat-intervals (181s) exhibit such statistical
dependencies as well as sensitivity to a variety of physiological and psychologic'-' -ariables.
Consequently, the average cardiac response in tasks such as reaction time may reflect a complex

mixture in which the effect of both psychological events and cardiac control mechanisms r -ay be
represented in each IBI. In this report satisfactory separation of independent components
underlying the average IBI response to a choice RT task is demonstrated. Principal component
analyses of variance-covariance matrices were performed on sets of 1280 RT trials f- mn each of 8
subjects. Components were then labelled allowing comparisons and averaging across bjects. The

= first four components were clear-cut, consistent, and accourw d for over 83% of the variance in
all subjects. These were: a) a pre-response or anticipatory deceleration component; b) a
post-response or motor effort component; c) an initial values component, and d) an RT
component loading almost exclusively or, the RT itself. The initerpretation of tile derived

* components was verified by showing their differential sensitivity to two independent variables in
the experiment, cardiac cycle time and RT speed. These variables showed similar effects in
analyses of variance of the original data. The validity and clarity of the separation of pre- and
post- response effects suggested that differences in accelerative recovery could be attributed to
response-induced changes rather than homeostatic rebound from anticipatory deceleration.

580 Jerison, H. J. Activation and long term performance. Acta Psychologica, 1967, 27,
373-389.

Is activation theory useful or necessary for the analysis of long term performance on
perceptual tasks? After criticizing the theory for being too broad and nonspecific, because even
contradictory results would not embarrass it, this report illustrates the problem with data on
human and animal vigilance. It is concluded that activation theory in several forms may be
necessary to understand different phases of vigilance performance. Th_- questions relevant for
activation theory include the probable inhibition of observing behavior when an overload is
established by eliciting observing at a high rate, the temporal conditioning of levels of arousal,
and motor aspects of the emission of detection-indicating responses.

581 Jerison, H. J. Vigilance: A paradigm and some physiological speculations. Ada
Psychologica, 1970, 33, 367-380.

The paradigm followed in experiments on human vigilance is discussed in detail to
show relationsaips between vigilance, signal-detection, and animal discrimination experiments.
Parts of the paradigm involve 'observing response' and 'decision whether stimulus is signal' as
hypothetical constructs, and suggestions from the literature on electroencephalography are
developed to convert these to empirical constructs. Specifically, an early potential (100-200 msec
latency) of the averaged evoked response may correspond to the observing response, and a late
potential (350-600 msec latency) may be related to the way the observer decides whether or nota stimulus is a signal.
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602 Joachimsthaler, J., & Chaloupkova, E. Zmeny tepove frekvence u pracovnic s nizkym
energetickym vyd•jern. [The changes of the pulse rate in employees with a low energetic
output.I Ceskoslovenska Hygiena 1973, !8A 101-104.

The authors investigated the pulse rate of women working on adjusting relays of
telephone exchange In Tesla plant during their work. From the point of view of the physical
loading it is a light work. During the measuring the work was being done with unalternating
intensity. Also physical conditions (light, noise, microclimate) in the telephone exchange did not
change. During the work the pulse rate increased in average by 21%, compared to the normal
level. Such an increase is caused by several influences, among which thc most important is
neuropsychical load with a significant emotive factor. The increase of the pulse rate after meals
during work hours is caused by specific dynamic effect of food.

M Johansson, G., & Frankenhaeuser, M. Temporal factors in sympatho-adrenomedullary
activity following acute behavioral activation. Bioloiical Psyhzology, 1973,1, 63-73.

Gave 16 19-33 yr old male students a complex choice-reaction task under time
pressure. Epinephrine and norepinephrine excretion, heart rate, and subjective reactions were
measured before, during, and after the work period and at corresponding points in time in a
control session without work. Mean epinephrine excretion, heart rate, and subjective arousal
increased significantly during work and returned to baseline levels within 1-2 hrs after the end of
work. There were large inter-individual differences in the rate at which epinephrine output
decreased. When Ss whnse epinephrine output decreased rapidly were compared with those
whose output decreased Olowly, it was found that rapid decreasers had higher baseline levels of
epinephrine, performed better on the choice-reaction task, and had lower scores in neuroticism.

he significance of tcmporal factors in epinephrine-snediated adjustment to environmental
stressors is discussed.
694 John, E. R., Herrington, R. N., & Sutton, S. Effects of visual form on the evoked response.

Science, 1967, 155,1439-1442.

The average visual evoked potentials elicited from relaxed human subjects are
different for a blank visual field and one containing a geometric form, are different for different
geometric forms of equal area, are similar for versions of the same geometric form of unequal
area, and are different for two printed words equated for total letter area. These findings suggest
that the waveform of evoked responses is not determined solely by the set of perioheral receptors
which is stimulated, but it also reflects the perceptual content of the stimulus.
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mSJohnson, B. ft. Physiological variables and performanc.e on a counting task (Doctoral
dissertation, University of Georgia, 1961). Dissertation Abstracts 1962, 22, 2883-2884.
(University Microfilms No. 61-6583)

This experiment was designed to investigate the effects of several physiological
measures of arousal on the performance of a complex mental counting task.

Forty-five male University of Georgia students volunteered for the project.

The physiological measures included respiration frequency In inspiration-expiration
cycles, Initial level of galvanic skin conductance, frequency of 500 ohm GSRs, and frequency of
1000 ohm GSRs. The physiological measures were taken at the same time the counting task was
being performed.

The performance task Involved a panel of three lights which were used to pace three
simultaneous mental counts. The subjects were required to respond by pressing one of three
buttons each time the count for a given light reached a certain value.

The empirical findings were as follows:

Significant intercorrelations were found between initial conductance level on count
patterns of 4, 7, and 10. Significant negative correlations were shown between initial
conductance level and frequency of GSRs. Correlations between the galvanic measures and
respiration were very low.

No significant differences existed between th-. three performance variables, all
having correlations of .53 and higher.

The important result was that the inverted U-shaped function between arousal and

performance was not substantiated with this particular performance task and with these measuresI
of arousal. The conclusion was that the inverted U-shaped function may be dependent upon the
specific task or situation involved rather thtan being applicable to behavior in general. The results
were disicussed in light of Jerison's original work with this counting task and implications for
further research were indicated. __________

arn Johnson, H. 1. Decision making, conflict, and physiological arousal. jgurq~i~a~l of Abnormal
and Social Psychology, 1963,,67, 114-124.

In order to evaluate the effects of difficult discrimination upon the physiological
arousal of the organism, 4 groups of 15 female Ss were subjected to different degrees of
discrimination difficulty in an avoidance learning situation. Those Ss who were subjected to
relatively high degrees of difficult discrimination manifested higher levels of physiological arousal
than did Ss who were not confronted with discrimination problems. The implications of this
finding are discussed with regard to the etiology of experimental neurosis,
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0S? Johnson, H. J., & Campos, J. J. The effect of cognitive tasks and verbalization instructions
on heart rate and skin conductance. PsvchoDhvsiolokv, 1967, 4, 143.150.

Investigates the effects of cognitive tasks and verbaliation instructions on heart
period (HP) and skin conductance (SC). Two tasks (imagining common scenes and solving mental
arithmetic ruezles) were used to test the hypothesis that conditions requiring attention to
internal processes (rejection of the environment) are accompanied by cardiac acceleration and SC
increases. Each task was administered under 3 instruction conditions: no, later, and concurrent
verbalization. The imagination task was associated with no significant changes in HP or SC unless
S was talking or preraring to talk. Mental arithmetic resulted in cardiac acceleration and SC
increase even when Fim verbalization was required: however, this is perhaps due to covert
verbalization inherent in the process of solving mental arithmetic problems. Both later and
concurrent verbalization produced significant increases in physiological activation during the
arithmetic task. The notion that conditions requiring rejection of the environment are associated
with specific physiological changes is not supporied. The changes are generally attributable to the
verbalization requirement. The effects of instructions requiring S to verbalize later are interpreted
as due to either a motor set phenomenon or fear of being evaluated while talking.

Me Johnson, H. I., & May, J. R. Phasic heart rate changes in reaction time and time
estimation. Psychophysiology, 1969, 6, 351-357.

Compared the phasic cardiac changes of 2 groups of 20 undergraduate males with
one group performing an RT task and the other a time estimation task. The cardiac changes of
the 2 groups were very similar with both showing deceleration shortly before they made their J
motor responses. The RT task group showed this to a greater extent than the time estimation
group. It is concluded that the anticipated deceleration observed under RT conditions is not
wholly attributable to the direction of attention.

569 Johnson, L. C. A psychophysiology for all states. Psychophysiology, 1970, 6 501.516.

The question is asked, can the same visceral changes occur in different states of
consciousness. A survey of EEG and autonomic activity found in the awake state and during the
various stages uf sleep leads to the conclusion that tihe question must be affirmatively answered.
The conclusion is reached that EEG and autonomic activity cannot be used to define states of
cons:iousness. The state of consciousness of the subject must first be known before the
physiological significance and possible behavioral meraning of the EEG and autonomic responses
can be inferred.

"I.

A -

290



5oo Johnson, L., Lubin, A., Naltoh, P., Nute, C., & Austin. M. Spectral analysis of the EEG of
d o m I n a n t a n d ron-dominant alpha subjects during waking and sleeping.
Electroencephaloaraphy _Jl Q.• 1i . olo,. 1969, 2.C 361-370.

The waking intensities of the delta, theta and alpha frequency bands have significant
positive correlations with their respective intensities during sleep. Waking intensity of the alpha
band never correlated with delta intensity during waking or sleeping.

These results favor the hypothesis of constant frequency generators for delta and
sigma with an increase in energy during sleep; but they also fit the hypothesis of an alpha
generator which decreases in frequency and energy during sleep.

The single, best discriminator of waking and the sleep stages was delta. Alpha and
"sigma intensities add to the discrimirnation. However, stage 1 and REM have very similar spectral
profiles for all subjects. For the low alpha subjects, waking, stage 1, and stage REM have spectra
that are almost indistinguishable.

- 501 Johnson, L., Naitoh, P., Nute., C., Lubin, A., Martin, B., & Viglione, S. EEG spectral and
coherence analyses during awake and sleep. Electroencephalonrag•.h and Clinical
Neurophysiolo~y, 1971, 31. 293-294. (Abstract)

Spectral profiles, 0.49 c/sec resolution interval, using three (1 min) periods of the six
stages, were computed for the F 3, C 3 and 01 leads. The frequencies studied were from 0.49
to 20c/sec. Pairwise coherence values were obtained from cross-spectral analyses, for F3 with
C3, F3 with 01, and forC3 paired with 01.

F 3 -C 3 coherence values, average 0.60. were highest of the three pairs. There were
significantly higher coherences in the 8-10 c/sec activity during waking and REM in the F3 -C3
pair; otherwise, it showed no clear differences among frequencies or stages. The F3 -01 pair
had the lowest average coherence, 0.12. The C3 -01 pair gave an intermediate average
coherence. 0.36, but provided the clearest differentiation among stages. Coherence values for all
frequencies were lower during REM than all other stages. All subjects had higher sigma
(12.5-14.5 c/sec) coherences during stages 2, 3, 4 than during W, 1, or REM. Multiple coherences
(analogous to multiple correlations) were higher than pairwise coherences in all cases.

These data suggest a single source for sigma unique to stages 2, 3, and 4. Delta
activity did not become more coherent during sleep, and multiple generators are indicated. A
single linear generator source for alpha does not seem probable. Based on these data, two separate
patterns emerged: that for stages 2, 3 and 4, and that for W, REM and 1.
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$92 Johnson, R. E., Jr., & Donchin, E. Equivocation, feedback, and the amplitude of P300.
Psychophysiolop, 1977, 14, 94-95. (Abstract)

Stimuli which deliver information tend to elicit an event-related potential (ERP)
with a large P300 component. The amplitude of P300 depends on the task relevance of the
stimulus and on the degree to which it is unexpected. Adams and Benson (1973) reported that
the P300 eficited by a 30 dB tone which indicated to th. subject success in task performance (S÷)
varied as a function of the intensity of the corresponding failure indicator (S-). As the intensity
of S- increased (from 0 dO to 30 dB), the amplitude of P300 decreased. These data
support Ruchkinrs (1975) suggestion that stimulus equivocation affects P300. However, it needs
to be shown that: a) the results are independent of the absolute intensity of S- but dependent
on the difference in intensity between S and S-', and b) the amplitudes of the S- and S+ P300(
behave similarly.

Subjects (three groups of 7) pressed a button one sec after a cue light, 200 msec
1.ýter, a 50 msec, 1000hz tone was presented at one of two intensities. Time estimates falling
within a preset "window" around 1000 msec were followed by the S+; over- and under-estimates
were followed by the S- For subjects in groups 1 and 3 the S was always a 30 dB SL tone; for
group 2 the 30 dB SL tone served as the S--. For groups 1 (S-) and 2 (S+ ) the tones were 0, 10,
20, 30, 40, and 50 dB SL. For grout 3 the S- tones were 10, 15, 20, 25, 35, 40, and 45, dB SL tones.
The response windows were preset to insure the appearance of S+ on approximately 50% of the
trials.

EOG and EEG at Pz, C , and F. were sampled at a rate of 100 samples/sec over
a 1280 msec epoch beginning 480 msec prior to the tone.

P300 magnitude varied as a function of the intensity difference between S+ and

S- : the smaller the difference, the smaller the amplitude of P300. This was true for P300 elcited
by either S or by S-. We interpret these data in terms of the "discriminability" of the S /S-
pairs, assessed in a choice RT experiment and in terms of the feedback value of the tones.

Noe jones, D. M., Gale, A., & Smallbone, A. Short term recall of 9-digit strings and the EEG II:
Correlates of performance in trained subjects (visual presentation). British Journal of
Psychology (awaiting decision).

The EEG of twenty-six subjects was measured before, during and after presentation
of 24 trials of visually presented 9-digit strings for immediate recall. Subjects were given an
efficient reheirsal strategy and six practice trials. Recall was superior than for an earlier study
employing auditory presentation and unpracticed subjects. There was no relation between
resting EEG and performance but increased abundance from the pre- to post-test correlated
positively with recall errors. Digit presentation induced systematic alpha reduction.
Within-subject analyses showed the EEG to be grea:er in abundance during low error trials;
however a between-subject analysis showed greater overall abundance during presentation to be b
ass•i.iated with increased error. It is concluded that training, rehearsal strategy and task specific
factors have differential effects on the relationship between the EEG and recall performance.
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W4 Jones, D. M., Gale, A., & Smallbone, A. Short term recall of 9-digit strings and the
EEG II: Basal and within-task correlates of diurnal variation ioe performance. British
lournal of Psych1ol2y (awaiting decision).

The EEG of twenty subjects was measured before, during and after presentation of
24 trials of 9-digit strings for immediate recall. Subjects attended on two occasions, a morning
and evening session, in a balanced design. Recall was superior for both the second visit and
evening sessions. Delta, high alpha and beta EEG abundance was greater in the evening, while low
alpha was smaller. Various EEG measures showed session effects (visits), before and after task
effects, and relationships with performance. All supra-theta frequencies showed a
digit-presentation effect. Different EEG frequencies show some functional differentiation within
the data ind it is suggested that variation in different EEG frequencies may reflect activity in
different brain centres and have differential functional relationships with separable sources of
arousal.

O9t Jordan, S. Physiological indices of a simTle __oniýtive task (Report No. TN-8). Orlando,
Fla.: Naval Training Equipment Center, Human Factors Laboratory, February 1973.

The purpose of the study was to determine the usefulness of skin resistance and
other physiological measures as indicators of a simple cognitive ability such as the immediate
recall of digits. Subjects were placed in a sound attenuated chamber and wired for heart rate and
skin resistancc recordings. The task involved immediate recall of a 10 alternative digit sequence
and a two digit alternative sequence. Results indicated no statistically significant relationship
between physiological measures of alertness (skin conductance and heart rate) and a simple
cognitive tsk (digit recall). Further experimentation is required to resolve ambiguity of results;

in particular, a design is needed in which task difficulty and task duration are systematically
varied over several points over a wide range.

59 Jovanovic, U. J. Die subklin.sche Schlafaktivitat im EEG. ISub, inical sleep activity in the
EEG.] Psychiatria Clinica, 1969, 2, 338-367.

By 'subclinical sleep ac!tiviy' in the EEG the author means the appearance of
sleep-associated features appearing in the waking EEG without clip;cal concomitants of sleep, and
which disappear on hyperventilation, sensory stimulation, waking-drugs and sleep. Following the
usual procedure for sleep recordings the subclinical sleep activity can also be divided into state A
and B. rhe state A contains the substate Aa in which the subclinical sleep activity is not yet
recognisable, the substate Ab shows continuous and regular alpha waves withoit changes in
frequency or amplitude; the substate Ac shows flat EEG rhythms. The subclinical sleep activity
ir state B can be subdivided into ;ubstate Ba with smaller awid faster theta waves, and the substate
Bb with medium-frequent theta waves of 4 Sc/sec. In the substate Bc clinical sleep appears.

Similar low voltage or 4-Sc/sec rhythms were earlier described by GIBBS, GIBBS
and LENNOX; PINE and PINE; PITOT and GASTAUT; NAYRAC and BEAUSSART; VALLAT
and LEPETIT: VOGEL and GOTZE and others in connection with cerebral traumata and in

abnormal personalities. The definition of subclinical s~eep activity in the EEG however does
include only those rhythrr,t which can be turned into a normal alpha rhythm by the above
rnmeiioned provocative methods.

The author found 82 persons with subclinical sleep activity in a total of 1,059
probands (7.74%). All probands were investigated by resting EEG, hyperventilation, sensory
stimulation and waking-drugs. Fourteen cases were also observed during several nights while
polygraphic recordings were made during natural sleep.
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W?' Jus, A., & Jus, C. Etude de l'extinction par repetition do I'expretsaon EEG du reflexe
d'orientation et de I'action du frein externe sur les reactions EEG aux differents stimuli
chez I'homme. IStudy of the extinction by repetition of the EEG expression of the
orienting retlex and of an external inhibitor on EEG reactions to different stimuli in
man , Electroencephaloraohy and Clinkial Neurohyol-ogy- 1960, Supplemert 13,
321-333.

Influence of the external inhibitor on EEG reactions to different stimuli (visual,
auditory, tactile) nas been studied in 20 normal adults. The evperiments were carried out in the
state of vigilance and somnolence or sleep after an injection of chlorpromazine.

In many cases no correlatio0, was found between the EEG reaction and subjective
sensation in the study of attention. In some cases however, in which the EEG reaction to an
exteroceptive stimulus "a"° preceded by an intense stimuius "tW" (external inhibitor) was absent,
the subjective sensation of the stimulus "a" was either diminisied or absent.

SO) Jus, K., Kilian,A., Kubacki, A., Rzepecki, J., Wilczak, II.,& Jus, A. Studieson the effect of
psychological factors on the "expectancy wave". .. olish Medical Journal, 1968, 7,
1235-1241.

The authors have confirmed in a series of experiments the findings of Walter andother authors on the appearance of an "expectancy wav" in cases where the conditioned
stimulus was reinforced by an imperative stimulus.

The authors have observed the appearance of an "expectancy wave" also in cases
where the reinforcement by an imperative stimulus wak absent and the subject was only
instructed to adopt after the conditional stimulus an "expectancy attitude" towards a
reinforcement which is well known and has no imperative meaning.

I
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-,m Kahneman, D. Attention and effort. Englewood, NJ. Prentice-Hall, 1973.

Theoretical and empirical data pertaining to attention and mental effort are
reviewed and discussed. Physiuoogical cchrelates of these processes are also reviewed. Topics
covered include:

1. Bask issues in the study of attention.

2. Towaid a theory of mental effort.

3. Arousal and attention.

4. Looking

5. Attenton and perception.

6. Attention to attributes.

7. Focused attention - findinp and theories.

8. Attention divided among inputs.

9. Speeded responses to simultaneous and immediately successive signals.

10. Attention and task interference.

q=0 Kahneman, D., & Beatty, J. Pupil diameter and load on memory. Sine 1966, 154,
1583-1585

During a short term memory task, pupil diameter is a measure of the amount of
material which is under active processing at any time. The pupil dilates as the material is
presented and constricts during report. The rate of chane of these functions is related to task
difficulty.

OM Kahneman, D., Peavler, W. S., & Onuska, L. Effects of verbalization and incentive on the
pupil response to mental activity. Canadian journal of Ps$Choz, 1968, 22, 186-196.

Measurements ol pupil size were obtained during performance of a short-term
memory task (Add.O) and a digit-transformation task (Add-i). In Experiment I, Ss either
repeated tbheir answer twice (say) or thought the answer first then said it aloud once (think).
Small dilatations occur on the first utteranLc of a digit string. In Experiment II, the risk
associated with the task was varied by monetary incentive and penalty. High incentive only
increales the pupil hesponse to the easier task. In both experiments the largest effects were
associated with task difficulty. The results confirm the validity of pupil measures as indicators of
the load imposed by mental activity.
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GM Kahneman, D., Tursky, B., Shapiro, D., & Crider, A. Pupillary, heart rate, and skin
resistance changes during a mental task. J 0.rnA o( E32trimental P.Syho~oy 1969, 79,
164-167.

The Ss performed a paced mental task at three levels of difficulty, while time -locked
recordinp of pupil diameter, heart rate, and skin resistance were made. A similar pattern of
sympatheticlike increase was found in ihe three autonomic functions during information intake
and processing, followed by a |ecrease during the report phase. The peak response in each
meatre was ordered as a function of task difficulty.

eo3 Kaiser, D. N., & Sandman, C. A. Physiological patterns accompanying complex problem
solving during warning and nonwarning conditions. Lournak of Comparative and
Physiologica Psychl 1975, L9, 357-363.

Physiological responses of 48 subjects were studied during both a warning and a
nonwarning condition and during anagram problem solving. The warning condition was
nsociated with heart rate deceleration and increased occurrence of galvanic skin responses
(GSR), of skin conductance, and of tonic galvanic skin potentials (GSP). The warning condition
also resulted in significantly faster solution rates. Problem solving was associated with increases 7n
heart rate, occurrence of GSR, and skin conductance. The occurrence of phasic GSP habituated,
but the occurrence of tonic GSP maintained a significant response frequency. Large increases in
tonic GSP, with minimal phasic increases during problem solving, reflected the bidimensionality
of electiodermal activity as a function of the task. These findings were interpreted to support
Lacey's hypothesis of response fractionation and suggeAt the utility of physiological measures in
the study of putative attentional functioning.

6o4 Kakigi, S., & Imashioya, H. Effects of foreperiod interval upon i=action time, alpha
blocking, and heart rate under variable conditions with reduced le4,'ning factors. Acta
PNvcholaiica, 1972, 36, 459-470.

Investigated the effects of foreperiod interval upon reaction time (RT), alpha I
1 ocking, and heart rate (HR) in 20 college students under conditions in which learning factors
and conditional probability were minimized. Ss were given a series of 44 ranlomized foreperiod
interval (0-30 sec). The fastest RT was obtained at .&sec foeperiod. Alpha blocking provided the
same trend as that of RT, showing that the .6-sec foreperiod yielded the largest alpha blocking.
Positive correlation was observed bWtween the speed of Ri and alp hlMocking (r = .56, p k..001).
HR curveswere different from those of RT and alpha blocking. ik, sig&r';,, )nt correlation was
obtained between RT and HR. Results are discussed, in terms o! I. tkieory of classical
conditioning.
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B 605 Kalafat, J. D. The relationship between signal detection and magnitude of heart rate
deceleration (Doctoral dissertation, University of Colorado, 1970). Dissertation Abstracts
International, 1971, 3f2 1242B-1243B. (University Microfilms No. 71-21, 598.)-

The purpose of the present experiment was to investigate the relationship of cardiac
deceleration to stimulus reception.

Thirty subjects were given an auditory detection task during which their heart rate
was monitored. The •Limulus consisted of a warning tone, followed by a time interval and then a
one-second burst of noise in which occurred the stimulus tone. The average deceleration initiated
in attention tasks lasts approximately nine seconds. Therefore, in 3rder tc m~rlpuiate heart rate
level, two time intervals between warning tone arw. stimulus were provided. A stimulus occurring
eight seconds after the warning tone was predicted to occurr during the nadir of the deceleration A
response, while a stimulus occurring three seconds after the warning tone was predicted to occur
during the initial stages of the deceleration response. The warning tone serves as a signal for the
subject to attend and can zlso provide information as to the difficulty of the attention task.
Hence, in order to manipulate subjects' expectancy and hence effort to detect the stimulus, two
warning tones were provided. A relatively loud warning tone to'A subjects to expect a relatively
loud (easy to detect) stimulus tr ne; a relatively soft warning tone told subjects to expect a
relatively soft (difficult to detect) stimulus tone, The stimulus tone was present on half of the
trials, while a burst of noise which contained no stimulus tone was present on the other half of
the trials. Subjects were required to press a key indicating the probability of the occurrence of
t;';e stimulus tone on a given trial.

The results of the experiment indicate that cardiac deceleration level is positivelyrelated to the subject's effort to detect the stimulus. Significantly more decelerations occurred to '

the warning tone indicating the relatively difficult detection iask than to the warning tone
indicating a relatively easy detection task. Significantly more false positives occurred during
periods of smaller cardiac decelerations. No relationships were found between cardiac
decelerations and sensitivity or criterion level. These results raise some doubt as to the generality
of Lacey's hypothesis concerning the facilitative effect of cardiac decelerations in atterntional
processes.
606 Kalsbeek, I. W. H. Measurement of mental work load and of acceptable load: Possible

applications in industry. International JLIourna l of Production Research 1968, 7, 3345.

In experiments to assess megital work load die effect of the central choice making
system being the weakest link is demonstra'ed, using a binary choice generator. It was found that
increasing the number of binary choices per minute diminshed the irregularity of the rest pattern
(Sinus Arrhythmia) without affecting the level of heart rate.

A simple scoring method for the use of sinus arrhythmia is put forward and different
tasks are scaled according to the progressive suppression of sinus arrhythmia. Referring to
experiments showing that the centrai choice making mechanisms are operating as a single
channel, the "method o.? distraction stress" is introduced. The deterioration of experimental
performance by this method is described and compared with the deterioration caused by other
sources of stress.

Finally the concepts of reserve-capacity and "willing-to-spend" capacity are
discussed.
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607 Kalsbeek, J. W. H. Sinus arrhythmia and the dual task method in measuring mental load. In
W. Singleton, J. Fox & D. Whitfield (Eds.), Measurement of man gt wo!rk, Lond -n: Taylor
& Francis, 1971.

The heart rate pattern of normal healthy subjects sitting at rest is irregular.
Momentary irregularity of up to ten or fifteen beats per minute can occur. In the medical
literature tHi phc.,? -:;non is generally referred to as sinus and respiratory arrhythmia. If one
concentrates oties's attention on a perceptual motor task the irregularity of the heart rate pattern
tends to disappear as a function of the number of signals per minute one has to deal with. The
mean heart rate, however, changes little if at all.

We Kalsbeek, I. W. H. Standards of acceptable load in ATC tasks. Etronomics 1971, IA,
641-650.

Mental load in ATC tasks is described as the brain controlling the controller's
controlling performance. A moment of conscious brain control is put forward as a unit to
quantify this kind of mental load. New action programs are supposed to require conscious brain
control at every step of their execution; with routine this would be less and less the case. The
duration of a moment of conscious control varies according to the complexity of the control to
be exercised and the number of consideration.; which have to be taken into account. Propositions
are made on how to think about selective attention, identification and cognitive proce.ses in
terms of executing programs. A job description method is put forward in terms of such
executing programs.

Why moments of conscious brain control as units are more suited to the problem of
mental load than are units like bits, choices and decisions is discussed.

Experiments are described with physiological and psychological variables as a
function of the number of moments of conscious brain control per minute.

2
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0oo Kalsbeek, J. W. H. Do you believe in sinus arrhythmia? Ergonomics, 1973 ,16, 99-104.

Some problems raised by the use of heart rate irregularity as a dependent variable in
experiments are mentioned. Referring to experimental results it is argued that mental load Is not an
indivisible concept. In laboratory studies a binary choice task is often used in order to provide the
level of mental load as an independent variable.

This kind of task is dependent on the capacity of the single channel function. Other
types of informational load are conceivable. Special attention is given to the phenomei •." of peak
load. Finally, heart rate variability is accepted as an indicator of the proportional occupation of an
individual's single channel capacity during rest and work. A plea is made that it is necessary to b-
very careful in using terms like the sinus, arrhythmia and the mental load and in using heart rate
variability In field applications.

610 Kalsbeek, J. W. H., & Ettema, J. H. Continuous recording of heart rate and the measurement
of perceptual load. Ersonomics 1963, 6 306-307. (Abstract)

The fact that the irregularity is gradually suppressed when increasing the difficulty of
the task, suggests that it could possibly be used for measuring perceptual load.

A simple scoring is proposed. Recordings of six subjects obtaineJ under differcnt

conditions were compared with recordings during a rest period preceding each test.

Perceptual performance, noise and opened eyes as opposed to closed eyes, tend to
suppress the so-called sinus arrhythmia.

Concluding ,it can be argued that the suppression of sinus arrhythmia deserved
consideration as a possible arousal phenomenon.
all Kalsbeek, J. W. H., & Ettema, J. H. Physiological and psychological evaluation of distraction

stress. Proceedings of the Second International Conress on Ergonomics, 1964, 443-447.

In experiments in which the speed of a serial binary choice task was systematically
varied, Kalsbeek and Ettema found that suppression of sinus arrhythmia changed as a function of
the number of signals per minute. This might lead 'o the hypothesis that the suppression of sinus
arrhythmia in the minus condition (reluctance to spend reserve capacity) would be- iess than is the
case in the plus condition. In this case the suppression of sinus arrhythmia varied with the supposed
experimentally induced fluctuations in the 'willing to spend capacity'. In a pilot study however
several subjects found it hard to obey the instruction of the minus corndition accepting the
break-down of their writing performance before it was strictly necessary. Furthrer experiments are
In progress. This study only seeks to contribute to the discussion on the theoretical background of
experimenting with the dual task method.

229

I .



qr

612 Kalsbeek, J. W. H., & Ettema, J. H. L'arythmie sinusale comme mesure de la chat'ge mentale.
LSinus arrhythmia as a measure of mental load.] Actes du Troisieme Congres de la Societe
d'Ergonomle de Langue Francalse, Bruxelles: Presses Universitalres de Bruxelles, 1968,
251-258.

The results reported in this article appear to indicate that the progressive diminution
and suppression of sinus arrhythmia reflects the mental load imposed by task demands. The authors
nresent a scale relating arrhythmia to mental load.

613 Kalsbeek, J. W., & Sykes, R. N. Objective measurement of mental load. Acta Psychologica,
1967 27, 253-261.

It is hypothesized that distraction stress can simulate the effects of other kinds of
stress insofar as these effects lead to reducing the information handling capacity. A simple
repetitive task serves to distract systematically the S from his carrying out a normal task by
occupying his information handling capacity. The best physiological parameter found was the
scored regularity of the heart rate pattern. In addition, the following aspects of the dual task
situation as such are studied: (1) the effect of training and instructions, and (2) the effect of
Increasing demands in the primary task in a dual task situation on the total capacity spe~nt at the
performance of both tasks and the suppression of sinus arrhythmia measured by the tolerance
method of Kalsbeek and Ettema.

614 Kamishiro, M., Saito, K., & Takakuwa, E. Optimal performance in conveyer systems from a
viewpoint of the physiological functico%, (In Japanese) aJRpanese Journal of Ergonomics,.1973, 9, 207-214.

The optimal performance was studied on the inspection and vigilance tasks for
measuring steel pins. The subjects were eight healthy rMale students. Four of them measured the
diameter of steel pins in conveyor system as well as in non-conveyer system (inspection task
group). The other four watched the performance of !he above inspection task (vigilance task
group). In conveyer system, both groups were engaged in their tasks for 30 min and 120 min
under three different conditions as 20 cm, 30 cm and 40 cm of the station-inter.al between the
steel pins. In non-conveyor system, they wcre engaged in their tasks for 120 min only.

The results were as follows:

1) Th-t performance on the inspection and vigilance tasks in non-conveyor system was
significantly better than that in conveyor system.

2) In conveyor system, both inspection and vigilance tasks were performed most
effectively at the station-interval of 30 cm.

3) The TAF (the function of concentration maintenance) and FF (flicker frequency)
tests showed that the body burden mg vigilance task was greater than that in inspection task.

r0
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ale Karimova, M. M., & Volkova, I. M. [Comparative study of the state of the cardio-vascular
system in engineers working on different electronic computers.I (In Russian) Proceedings
of a Symposium on Ergonomics in Machine Desjn, ointly oAized by the Czechoslovak
Medical Society E.Lurkyne and ILO, Prague 2-7 October 1967, ILO, Geneva, 1969, 1,

Studies of the state of the cardio-vascular system during a working day and a working
week among engineers working on large digital and analogue electronic computers revealed the
greatest shifts of the parameters of ECG and blood pressure in the engineers working on digital
computers. An explanation may be that mental-emotional stress factors are expressed more
strongly in this group owing to the greater complexity of these computers and some other features.
These shifts are expressed in the progressive decrease of the peak F2 towards. the end of the
working day, up to its inversion in individual cases; the discordancy of the changes in the direction
of the peaks T2 and R2 ; the lengtherning of Q-T in comparison with the normal. The indices of
the average dynamic blood pressure do not exceed the age-standard limits, and are stable in the
working day,but fall considerably towards the end of working week (15-17 mm Hg). In the group 4
of engineers working on the analogue computers indices of ECG and blood pressure are almost
stable over both the working day and the working week.

ale Karlin, L. Cognition, preparation, and sensory-evoked potentials. Psychological Bulletin 1970,
73,122-136.

Experimen:% reporting enhancement of averaged sensory-evoked potentials resulting
from the effects of various cognitive aspects of stimulation are reviewed and reinterpreted in terms
of two hypotheses which refer, respectively, to (a) development of preparation before and (b)
reactive change in preparation after presentation of critical stimuli. The possibility is examined that
certain slow voltage changes, such as contingent negative variation and other so-called "readiness"
potentials, are associated with reactive change and produce the positive enhancement in evoked
Dotentials as reported in many of these experiments.

617 Karlin, L., & Martz, M. J., Jr. Response probability and sensory-evoked potentials. In S.
Kornblum (Ed.), Attention and performance IV. New York and London: Academic Press,
1973.

Evoked potentials to stimuli conveying various amounts of response information as
measured by a priori response uncertainty were studied in an experiment in which information was
delivered either I sec before (condition W) or at the time when (condition N) a fast choice
response was required. Increase in response iniformation produced enhancement of P3 beyond that
of a rare-stimulus control in both conditions, but the effect was greater in condition N. The overall
size of P3 was also greater in this condition. It was concluded that P3 enhancement was
indirectly related to the cognitive aspects of stimulation through the mediation of momentary or
"phasic" arousal factors.
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sis11 Karlin, L., Martz, M. J., Brauth, E., & Mordkoff, A. M. Auditory evoked potentials, motor
potantials and reaction time. Electroonceohalographyj lnical Neurophysiology. 19'71,
129-136.

Determined separately evoked potentials from simple and choice (RT) tasks for trials
in the fan, middle, and slow 3rds of the RT ditributions. Results with 12 undergraduates show
that those trials with faster RT also produced a more negative NI peak, less negative peak at N2
and N3, anJ more positive peaks at P3 and P4; the choice task also produced significantly larger
deflections at N1 and P3 than did the simple task. In the choice RT condition, the stimuli that did
not require o motor response (S-) yielded a P3 detlection slightly greater than that produced by the
response siimull (S+) in the fast 3rd of the RT distribution, whereas the S- stimuli produced an N1
deflection approximately equal to the corresponding deflection produced by S+ In the middle 3rd
of the RT dist:ibuticn. This differen".e between N1 and P3 was interpreted to mean that they were
partially indipendfint in that the amplitudes of both deflections were Influenced by changes In
backgrounJ arousal, whereas only P3 was influenced by a reActive factor. Various types of analyses
suggest that response time and previously hypothesized response-related potentials could not have
beer responFible for any of the results obtaired.

619 Karlin, L., Martz, M. J., & Mordkoff, A. M. Motor performance and sensory-evoked
potentials. ElectroencephaloRraphy and Clinical Neurophysiolor, 1970, 28,307 -313.

Averaged evoked potentials (EP) to tones were determined for fifteen subjects in three
tasks which were designed to evaluate the effects of motor response, of withholding a response and
of different response latencies. With the influence of eye movement minimized, it was found that
the various deflections of the sensory EPs were affected differently as follows:

1. Withholding a response produced a significantly larger P3 deflection. The p

amplitude of this deflection was negatively correlated with reaction time (RT).

2. Stimul. to which overt motor responses were subsequently made produced a
negative shift in deflections N1, P2 and N2 , but there were no significant changes in deflections
P1, P3 and N3.

3. No effects which could be ascribed to specific time characteristics of the tasks (e.g.,
simple versus choice RT) were found and no effects could be attributed to the overt motor
response or its immediattly preceding EMG activity.

The data were interpreted to mean that the negative shift in N1 , P2 and N2 is related
to the development of an excitatory state associated with the intention tu respond to the stimulus
and that increased positivity in P3 is uniquely related to the act of withholding a response to the
stimulus when rapid action is required. No effects on the averaged EP were observed that could be
attributed unequivocally to occurrence of overt motor response itself.
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620 Karrer, R., Kohn, H., & Ivins, J. Effects of varving the stimulus and response contingencies
on the CNV..EUectroencephalography A-id Clinical Neurophysiology, 1473, SuLlmerit 33,39-43.

It is evident from these data that the unexpected occurrence of a shift to 50% S2 plus
R after training on 100% S2 plus R gives an increase in CNV amplitude. This finding confirms our
first hypothesis that uncertainty leads to heightened attention, thereby giving larger CNVs.
Complete omission of S2 plus R (100% SE) is quite effective in reducing the CNV amplitude and
within-subject variability. Our second hypothesis is confirmed by the fact that response

ineffectiveness (100% RE) reduces CNV amplitude, even though S2 is always present. This finding
implicates motivational variables related to S's knowledge of his contro! of S2 and supports the
Peters et al. (1970) interpretation of their results. The increased within-subject variability in the
100% RE group suggests that complete response ineffectiveness leads to increased change in
motivation from t;ial to teial. Siace steady potential levels were not affected after the feedback of
information, it is indicated that feedback effects are primarily exerted within the S1 - S2 ihterval.
It is of interest that 50% RE always has lower CNVs than 50% SE (although not significant) even
though S2 is always present. Apparently, the reduced motivation from 50% response
ineffectiveness counteracts some of the heightened attention produced by the uncertainty of the
509 SE schedule, which indicates an interaction between motivation and attentio ..-. i CNV
amplitude. Further work should examine the role of motivation (set) and uncertainty in the large
individual differences found in the CNV amplitude.

8s21 Karrer, R., Kohn, H., & Ivins, J. Large steady potential shifts accompanying phasic arousal
during CNV recording in man. Electroencephalography and Clinical Neurophvsio/ogy, 1973,
Supplement 33, 119-124.

The results of our experiments with artifactual controls point to a cerebral origin for
these large SPSs. Ample research on humans and animals (Caspers 1963; Sano et a'. 1967) supports
a cortical bas for large slow potential shifts.

The lack of relation between SPSs and specific EEG frequencies is in keeping with
reports by Caspers (1963) and Rowland (1968) of the relative independence between classic EEG
frequency indications of arousal and SPSs. The latter appear to be more sensitive signs of beh;.ioral

arousal.

These large SPSs seem analogous to those that accompany phasic increases (negative
SPS) and decreases (positive SPS) of arousal in rats and cats (Caspers 1963; kowland 1968). They
fall along an amplitude and duration continuum of steady potential shifts that are sensitive indices
of behavioral state and orienting. This continuum may range from small orienting SPSs and CNVs
through phasic arousal shifts described here to even larger and slower base level drifts during the
sleep-wakefulness cycle. The large SPSs seem independent but not mutually exclusive of CNV
occurrence. They may obscure or interact with the CNV. Our analyses indicate some manipulation
of the occurrence of the SPSs by our experimental conditions, but further specification of variables
is needed to bring them under precise control. Variables that seem of importance are motivation
(resp•nse urgency), the focus of the S's attention on external or internal events, the S's certainty
for occurring stimulus events, and steady potential base level.
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622 Karsh, R. Relationship between galvanic skin resistance and reaction time on a visual
monitoring a_.k (Technical Memorandum 8-61). Aberdeen Proving Ground, Md.: Human
Engineering Laboratories, May 1961.

Interrelationships among galvanic skin resistance indices as well as mean reaction time
changes over time were consistent with earlier reports on these variables.

No significant relationships were found betwo n indices of galvanic skin resistance and
reaction time, between or within observers. Extreme individual variation of both variables was
observed.

- Kaufman, D., Gibson, D., & Adamowicz, J. K. Heart rate change under variab!e auditory and
mental task conditions. Psychonomic Science, 1967,29, 471472.

V

Twenty-seven Ss performed for 2 difficulty levels of a Lacey silent elaboration type cf
mental task against 3 auditory background conditions. Results were evaluated for magnitude and
direction of heart rate change with respect to the task difficulty and auditory conditions. Findings
supported the suggestion that cardiovascular augmentation serves tri sustain attention level
appropriate to solution of a given task and that more difficult mental work will elicit less cardiacsupplementation than easy mental work. Interpretation was given in terms of activation theory.

624 Keefe, F. B., Johnson, L. C., & Hunter, E. J. EEG and autonomic response pattern during

waking and slezp stages. Psychophysiology. 1971,8, 198-212.

The response hierarchy of EEG and autonon ic variables to tones of increasing intensity
was studied during waking and sleep stages 2, REM, and SW (3 & 4 combined). Tones of 1000 Hz (5
sec duration, 55 sec ISI) were presented to 35 young adult male subjects. During waking, the tones
began below awake auditory threshold and increased by 5 db until a motor response (button press)
wa. made. During sleep, tones began at awake threshold and went to arousal threshold, i.e., motor
rcc. onse and/or an EEG change indicative of arousal. Changes in EEG, finger pulse amplitude, heart

c .kin I ntial, skin resistance, and respiration period were measured for each stimulus and
I e cor•c. a.. d to a pseudostirnulus response scored 25 sec prior to the actual stimulus.

In the awake state, statistically significant responses (p < .05) were found for EEG,
finger pulse, heart rate early deceleration, skin potential, and skin resistance to the tone at awake
threciold, but not to tones at lesser db levels. During sleep, significant EEG response, wtre present
to tones 30-25 db below arousal threshold, finger pulse 20-15 db below, and heart rate acceleration
20-5 db below. Significant skin potential, skin resistance, and motor responses were seen only at
arousal threshold. Thus, in sleep, in contrast to waking, there were clear responses to stimuli below
the arousal threshold, and there was definite ordc ing of the appearance of the various responses:
EEG preceded the r-, 'ivascular, with electrodermal and motor occurring only at arousa!. This
order " -.. ant r,,- ;ep stages.

Arousal thresholds were very similar across sleep stages in day sleepers (approximately i
35 db above awake threshold). The threshold during stage 2 for night sleepers was about 15 db I
lower than that for day sleepers.

234



O25 Keesey, U. T., & Nichols, D. J. Fluctuations in target visibility as related to the occurrence of
the alpha component of the electroencephalogram. Vision Research, 1967, 7,859-877.

ti- Under stabilized image viewing conditions, alpha onset and termination precede
respectively the report of disappearance and reappearance of the image. When a pattern of visibility
is imposed on the same target viewed normally, either by defocusing or dimming it, alpha onset and
termination generally follow the report o; image fading and regeneration. Spontaneous fluctuations
in the visibility c ' a normally viewed target is obtained at low luminance levels, but alpha shows no
clear temporal relation to image disappearance and reappearance.

Temporal alpha occurrence patterns are found to be similar when a low or high
luminance target is viewed normally. Stabilized presentation of the target changes the temporal
characteristics of alpha occurrence. A correlation between image visibility and alpha occurrence
pattern is found only when the image Is stabilized or the luminance of a normally viewed image is

;• periodically decreased.

It is proposed first that temporal patterning of alpha activity reflects the presence or
absence of stimulation provided by image motions; and secondly, that fluctuations in the visibility
of a stabilized image are controlled by the spontaneous fluctuations in the resting activity level ol
cortical structures.

626 Kennedy, J. L. Some practical problems of the alertness indicator. In W. F. Floyd & A. T.
Welford (Eds.), Symposium on fatigue. London: Lewis, 1953.

Drugs, such as benzedrine, have been proposed to increase alertness and there are good
reasons for adopting this technique rather than any method requiring expensive apparatus and
special training.

But the most serious practical problem of all seeems to be, "Is protection against
lapses in alertness a serious enough problem for anyone to worry aUout?" I confess to having mixed
feelings on this issue. I suppose that this question is similar to the life insurance problem. How
much are you going to be willing to pay for protection against something that may never happen,
for which we have only the support of accident stats'tics. Most of the time, accident statistics only
tell us that accidents happen and not where to pin the blame. Is alertness a problem out in the real
world of human affairs?

627 Kennedy, J. L., Gottsdanker, R. M., Armington, J. C., & Gray, F. E. A new
electroencephalogram associated with thinking. Science 1948, 108, 527-529.

The following summary statements may be made:

(1) An intermittent spindle-shaped electroencephalogram with a frequency of 8-12c/ec
and a maximum amplitude of 20-30 microvolts has been recorded from bipolar electrodes placed

S just bck of the external canthi of the eye--

(2) These bursts appear to be associated with the process of thinking (discrimination, Ir-I * ch.oice reaction, mental arithmetic, problem solving, etc).

(3) The bursts are unrelated to previously described alpha activity.

(4) Half of the subjects so far tested exhibit the phenomenon.

(5) It is suggested that the source of the new EEG may be the temporal lobes of the
brain.
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Ow Kennedy, L. L & Travis, R. C. Predictikm of speed of performance by muscle action
potentials. ___Wj, 1947, 105.410-411.

By the use of a new electronic counting technique a rather remarkable relationship has
been found between reaction time to apeiodic stimuli in a monotonous situation and frequency of
muscle action potentials (recorded from bipolar electrodes placed above the eyes) during a 6-second
interval before the onset of the stimuli.

It is believed that these techniques may make it possible automatically to warn
personnel engaged in monotonous tasks, such as truck driving, before dangerous conditions of
inalertnes and approaching sleep occur.

ao Kennedy, J. L., & Travis, R. C. Prediction and control of alernes: II Continuous tracking.
JM -Of C-onparative and PhysAoloI Psycholol, 1948,41,203-210.

1. From experimental results on a new electronic accumulator, using a continuous,
attention-demanding tracking task, different levels of alertness were significantly related to muscle
potential outpuL Levels of alertness were measured by reaction time and adequacy of tracking
performance.

2. The lower the muscle spike emission, in general, the slower the reaction time and the

poorer the tracking score. I
3. Reaction time and tracking score were significantly related as measures ofperformance.

4. Great variablity in 1he range and average tension level between individuals , j
throughout the experimental period was found.

5. In gencral, tension level and adequacy of performance exhibited an inverse,
relationship.
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eg= Kibler, A. W. The relationship between stimulus-oriented changes in heart rate and detection
efficiency in a vigilance task (Doctoral dissrtation, The University of Michigan, 1967).
Dissertation Abstracts. 1968, 28, 5218B-5219B. (University Microfilms No. 68.7644). Also
available as Report No. 67-233, Wright -Patterson Air Force Base, Ohio: Aerospace Medical
Research Laboratories, Aerospace Medical Division, Air Force Systems Command, February
1968.

The purpose of this study was to assess, in a vigilance context, the relationship
between detection efficiency and beat-to-beat changes in heart rate around task stimuli. Thirty six
subjects, instrumented to permit continuous recording of EKG and respiration, individually stood a
96 minute vigii. Their task was to monitor a light which flashed on (stimulus event) for 500 ms
once every 6.0 seconds and to report occasional brighter flashes (signals). One half of the subjects
(high signal density group) received 240 signals during the vigil; the remaining 18 subjects (low
signal density group) received but 16 signals during the vigil. By verbal admonishment, urging the
subjects to do their best, a motivational condition was induced during a six minute post-test. The
"results, in terms of detection efficiency, are in accord with previous research. Detection
efficiency was higher znd better sustained by the high signal density group. The low signal
density group detected fewer signals and their detection efficiency decayed appreciably over
time. Uuring the motivational post-test condition the performance of both groups improved

• significantly. Measures of changes in heart rate, analyzed both in terms of overall shifts in heart
rate over the vigil and beat-tc-beat changes in heart .;te around each stimulus event, revealed the
following:

1. The median heart rate in succeeding quarters of the vigil, did not differ significantly
between the two groups. Nor did changes in overall heart rate correlate significantly with changes in
detection efficiency.

2. Heart rate preceding a stimulus event decelerated. Changes in the magnitude of the
stimulus-oriented cardiac deceleration showed a low but significant relationship ti changes in the
percentage of signals detected.

3. In the post-test the significant recovery in detection efficiency was accompanied by
an increase in the magnitude of Flimulus-oriented cardiac deceleration and by a decrease in overall
hear, rate.
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eso Kilpatrick, D). G. Diferenitial responslven Ot two electrodermul Indices to psych.. *v'ai
sUrsa and performance of a complex cognitive task.. ftvdw 1v 1972.9.,218-2.-6

Sixteen high trait anxious and 16 low trait anxious male Ss were assignd to a high
strs (HS5) or a low stress (IS) condition and were given differentially stressful instructions. All Ss
were then required to perform a complex cognitive task, tue Halstead Category Test. Adjuusted
Indices of tonic and phasic exosomatic electrodermnal activity weremoioethroughuout the
experimnent. Leve of tonic skin conductance (SC) was only minimally responsive to the
manipulation of psychological stress but Increased greatly during cognitive arW perceptual activity.
Phasic activity increased significantly followingl psychological stre-- but not following cognitve and
perceptual activity. It was concluded that theme results mapport a multiple component theory of
electrodermal activity. Phasic electrodermnal activity appears to increase with psychological as weli
as physical threat and was suupted to be a good Index of autonomic emotional arousal. Tonic SC
appears to change mainly as a function of cognitive activity.

eW Kinsboumne, M. The cerebral basis of lateeal asymmetries in attention. Adta ft~2!r?
1970,33.193-201.

Asymmetries in the processing of input to either sWe ofid rph ,*$ýWe are related to
hemispheric specialization in man. Thewe asymmetries arise when prepondixan Ltivatwin of one
hemisphere biases attention to the contralataral side. This unbalanced ceretV IL'activation is a
function of the nature of the subject's task or expectancy. A model of hemispcenc integration isV ____proposed._

SKineboume, M. The control of attention by interaction between the cereýbral hemispheres. In
S. Komnblur" (Ed.), Attention and peLorMance IV. New York & Londfci: Academic Press,
1973.

Each cerebral hemisphere guides attention towards contralateral space, and the two
hemlpheres are in mutually inhibitory balance. In right-htanded subjects, the left hemisphere
chiefly subserves linguistic processes, and the right hemisphere subsrwves spatial processes. It is
proposed tOat cognitive activity lateralized to one hemnisphere owerflows so as to caus contralateral
orlentatioinal shifts. This mnoda, which can account for laterality effects in perception, is
expirimentally validated by showing that:

1. Gaze and head turning occur contralaterl to the preponderantly active hemisphere,
when subect engog in verbal or spatial thougt.

2. Concurrent saabvocalkation (that is, left-hemisphere activity) introduces right-sided
advantage into right-handed subjects ability to detect a gap in a briefly exposed square.

3. Concurrent stsbvocalization induces right half-field superiority for recognition of
briefly presented nonsense shapes by right-hande subjects,

In left-handed subjects, both verbal and spatial processes appear to be programmed
from one hemnisphere at a given time.



-- -- ---

~*Kindboune, M. The mechanism of hemnispheric conltro of the lateral gradient of attention. In
P.M.A. Rabbilt & S. Dornic (Eds.), Attention and performance V. New York: Academnic
Prim., 1975.

When two stimuli in the lateral plane compete for attention, one determinant of the
outcome is the relative degre of -.ýtivatior% of the two cerebral hemnispheires. This activation can be
mianipulated by imposing tasks kthat call for the specialized copitive skills of the tarpt hemisphere
(Eiiperiments 1 and 2). Conversely, immediately following an attenhional shift, the hemnisphwee
contralateal to the direction of shift is temprntarily more efficient than when it is ipuilaterAl to that
direction (Experiments 3 and 4). When oni. hemisphere has been surgically removed. subjects can
still attend to tither side of space. But w*%en stimuli compete, the stimulus contralateral to the
residual hemisphere is strikingly favoured. ever, when this is contrary to tht subjet's intention
(Exp enments 5 and 6). When the corpus callosum has been divided, fast. fine lateral shifts of
attention becomei difficult to perform, and the lateralizalio'n of mentai actiity has a gross effect on
the direction of attention (experiments 7 and 8). Wt conclude thiat the direction of attention
represents a finely graduated, momentary balance bet% etn the opposing turning tendencies of the
two cerebral hemispheres.

Kg iriakov. Kr. Nekotorye eleltro nsefalografischeskie kriterii utomnleniia pri umstvennom
trude. jElectroencephalographic critieria of !atigue Afer mental work.) Lhw!W [Vj
hkVIW VjjfjS! 'n~ki, 1964. jA.412-416. (Aerospac eiie 94 5 1236.) (Abstrct

Railroad office personnel whose work requires acute mentld concentraticin, such as
dispatchers or telegraph and telephone operators, showued dtevi~tions in the electroencephalogiram
after overtime. The alpha waves disappeared and fast waves, or slow rhythms with superimposed
fast waves, were noted. The tracings had an epileptic character of a temporary nature, which
disa~seard afteir a period of rest. The author refers to this effect as A heterofunctional
phen wnmnon, which shows a temporary disturbance in the ctrtical and subcorlical region, primtarily
in the left temporal zone of speech. This could be the result of disturbance of the
mnalyticaii-ynthetic function of the audioý-speech and speech-kinesthefic activity of the cortex
analyzems. Po~ibly, the tension lowers the cortex. tonus. However, during the ensuing hyperpneca
and recovery of neurons to normal state the synchronizing ability is enhanced. Simultaneously
Pneiral functional change. take place in the organism.
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SKim.t S. P. Humans infonnatkmn procesing and EEG correlates: The effect of processiny
strategy And distaction on reaction time and the contingent negative variation. (Doctoral
disusertation. Uniwversty of California, Lot Angeles, 1973). Dissertaoj. Abstrirjs
Internationa, 1975. 3, 31128. (University Microfilms No. 75-26. 965).

The research reported huef is baWd on a revisilon of the notion of sensory and motor
of (Woodworth and Schlotter. 19S4) within the frameworl of Kahneman's (1973) mrodel of
attention and effort and on a new analysi, of the effects of distraction. The latter is viewed as a
;aw of d&vided attention whose disruptive effects will increase or decrease depending on whether
,racessin effort is allocated to input or output functlions, respectively. The dependent variables
-how"n were reaction time (RT) and the contingent neaptive variation (CNV), a mearA're ~f otical
activation at the venn (Ca) which has been related to attentional processes (Walter et al., 1964;
recce, 1972i).

The main resuits are Ohat Noth procemsin strategy and distraction iffect RI and fht
CNY. Laqge negative shifts ame associated with an output set, as are faster RTs; however, while the
effect of distraction on RT (and also on ithe number of response errors) is less pronounced under
the output set, the CNV attentuates regardless of wet. This last result strongly indicates that, while
the CNV at the vertex does index cortical activation responsive to changes in processin strategy,
other brain Wsyemm more sensitive to the predicted interaction of set and distraction must ahapo
operate to control RT.

Additional data on the time required to redirect attention denote that the slower RI inI
the input wet is due perhaps entirely to the task of' mapping the input data onto the required
outruat. Also poesented and discussed are data on changes in the time course of the CNV, on
differencs in negativ shifts at other midline sites (Fi. Pz, and Oz) which Suggest that cortical
activation in thes regions sgieifies functional processe" other than theose a! the vertex, on negativeI
poteint"s which oc;j between the RT a. the presentation of feedback (fth postinmperative
negaive vAriation;, And lastl on individual differences As primarily measured by the Stroop
Caior.Word Interference test (Stroup, 1935; Rose, 1974).

OVi Kuel"bv. A. Sleep deprivation, arousal, andA performance. In R. R. Mackie (Ed.), Vigilance:
The. Wgiwl 2&o~~ AIi 2hysipkyig S2EliaaV6 New York: Plenum Press,
1977.

The aim of the paper is to provide a theoretical framework within which the
perfori'nnce effects of bleep deprivation (SD) cain be interpreted. Primarily, the possibilities and
And limitation of interprettitmns in terms of dearousal are evaluated. An interactional view of the
relation between SD and arousal is proposed, indicating that the effect of SD is to potentiate the
dearousing effect of situational variables. The habituation of zhe orienting respnse is suggested
As one possible met tor of this effect. The reported attentirijai c4ects of SD are shown to be
interpwretable within his framework,. The effects of moth~ational factors on the SD effects atod
the SD effect on motivation are discussed, leading to the conclusion that habituation cannot be
the only mediator of the dearousing infkuence of the situation, and that ati analysis in operant
ter nn st be Added.
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66 Klein, K. E. P hphyiologische Belastunisster-Suchungen an Ejnejii Instrumenten-
Koordination st eraet(I.A). [P~ychophysioloxical stress in~ve .ations of an nstrument-
coordination a 1 Paper presented at the 14th meeting of the committee
",'nthropotechnik' of the Deutsche Gescllschaft fur Luft - und Raumfahrl, Munich.
November 1973. (Also abstracted in Scientific and T.tcnical Aerospace _Ro.. (Report
No. DLR-Mitt 74-19).1

Heart and respiratory rate, skin resistance, and eyelid flicker data were monitored
during operation of a pilot selection apparatus allowing complex instrument coordination tasks
to find standardized stress-physiological response correlations. Results indicate strong expectation
tensene!s before tests while, during performance, heart and respiratory rate decrease. Continuous
or growing workloads ameliorate heart rate.

"60 Klein, K. E., Bruner, H., Gunther, E., Jovy, D., Mertens, I., Rimpier, A., & Wegmann, H. M.
Psychological and physiological changes caused by desynchroni;.ationfollowingtranszonal
"air travel. In W. P. Colquhoin (Ed.), Aspects of human efficiency: Diurnal rhythm and loss
of sleep. London: English Universities Press, 1972.

Aspects of the diurnal rhythms of human performance efficiency affected include
amplitude, 24-hours level, and phase. In general,the implitude of the oscillation function was
found to diminish; this has also been observed recently by Gerritzen for certain biochemical
parmeters. In our resi.lts this rmduction occu ed in both performance parameters after both
eastward and westward travel; however there was an indication that the alterations were less
marked, aiid of shorter duration after westward flights than after eastward flights.Oxyger,
consumption and timperature also showed a reduction in amplitude of 30-35% after travelling
eastwar,., whereas travelling in the opposite direction caused changes which might best be described
as 'discordant'.

The 24-hours mean performance level was lowered; this was trite, also, for oxygen
consumption. The decrement was observed for one day after westward and for three days after
eastward transportation-, but only in the latter case was the change statistically significant. In
contrast to these parameters, the 24-hours average of body temperature remained stable.
(, rtheless, there were highly significant postflight a!terations in temperature during certain
We•tions of the day. As with the performance measures, wnese consisted of decreases mainly

during 'day' sections, and increases in the 'night' sections.) We consider that these differences in
the various parameters in respect of the magnitude of the alterations in the 24-hours mean level
support ot:r earlier contention that pos.,,'light alterations of performance are induced not only by
the disruption of rhythms per se, but also by fatigue produced by other factors both during and

after the flight.
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640 Klein, K. E., Herrmann, R., Kuklinski, P., & Wegmann, H. M. Circadian performance
rhythms: Experimental studies in air nperations. In R. R. Mackle (Ed.), Yhjilanc : b.Tg.y,
operational performance, and physiological correlates. New York: Plenum Press, 1977.

Aircrews operate round the clock and over many time zones. This implies interference
of air operations with circadian oscillation of biological functioning as well as wiith its disruption
through shifts of environmental time cues. In this sense the significance of circadian performance
rhythms in air operations is d!scussed. This is done mainly by presenting results from 7
experimental studies in which, before and after transrneridian flights, behavioural and physiological
variables were evaluated.

In general, performance was assessed every second post-flight day in three hourly
intervals round the clock. Between midnight and 0900 hours subjects were allowed to sleep but
were aroused twice for testing for a period of 45 minutes. In all but one study eight healthy male ,
students in the range of 23 to 28 years of age served as subjects; in one experiment ten pilots
participated in flight simulator tests.

The results confirmed the idea that alertness, or the readiness to bi m ',Ivactive
belongs to those biological properties of the living organism which are subject to cir'ca . .
variation. This rhythm persists after transmeridian flights and is de- and resynch'onized with the
envirgnmental time cues similar to other biological cycles. It so happens that a low performance
out.,i;t temporarily occurs in the local light phase instead of, as usual, in the dark phase. Results
given in the pertinent literature reveal an alternating effect on performance of operationally induced
fatigue and the circadian rhythm; this interference is of operational significance.

Recommendations for flight scheduling considering circadian rhythm effects are
given.

64i Klein, K. E., & Wegmann, H. M. Die Resynchronisation Dianer Leistungsrhythmen nachtransmeridianen Flugen. [The resynchr nization of diurnal performance rhythms after

transmeridian flights.] In Aktuelle Forschungsarbalten aus dem Institut fur Flugried;zin.
[Current scientific Pape from the aerospace medical institute.] (DRL-FB 7315). Porz,
West Germany: Aernspace Medical Institute, January 1973.

In 2 groups of 8 students phase shifts of diurnal performance rhythms were foilowed
after transrieridi3n flights. The results obtained allow a characterization of differences ;n
resynchronization depending on the flight direction, performance demand, the "zhronobiologic"
nature of the tested fur.ction and on the mode of activity of the subject after the flight.
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S642 Klein, K. E., Wegmann, H. M., Athanassenas, G., Hohlweck, H., & Kuklinski, P. Air
operations and circadian performance rhythms. In B. 0. Hartman (Ed.), Higher mental
functioning in operational environments. AGARD Conference Proceedings No. 181,1976.
(Available from: National Aeronautics Space Administration, Langley Field, Virginia
23365, Attn: Report Distribution and Storage Unit)

This paper reviews our own experimental results and pertinent data from literature
on circadian behavioural rhythms and its modifications through various factors. It relates them to
the operation of aircrewý, "round the clock" and on transmeridian routes and discusses some
possibilities of an appropriate scheduling. Concurrent changes in a number of physiological
variables are also presented.

643 Kleinman, K. M. The role of task complexity in the demonstration of the relationship
between peripheral physiological measures and performance. (Doctoral dissertation,
"Washington University, 1967). Dissertation Abstracts, 1967, 28, 1229B. (University
Microfilms No. 67-9399)

Independent groups of college students were tested on either a simple or somewhat
more complex reaction time task. The stimulus elements of both tasks consisted of two warning
and two reaction time signals. As one group was instructed to respond only to certain
combinations of these stimuli, while the other group responded to any combination, the former
task was defined as more compiex. For both groups, the warning and reaction time signals also
served as conditioned and unconditioned stimuli, respectively, in a classical conditioning

ý' ý ý ,,paradigm. Reaction time was the performance measure and various measures of skin resistance
wertr•e•-l ated with it. The latter also served as the system in which conditioning was measured.

Of the variety of skin resistance measures taken, the number of hoth spontaneous
fluctuations and orienting respotises correlated significantly with reaction time, but only on the
more complex task. On both ta~ks, however, physiological measures correlated with the

frequency of skin resistance conditioned responses.

It was concluded that, regardless of the particular theoretical approach one adopts
concerning the nature of the relationship be.'ween physiological measures and performance, at
least a moderate degr-en of task difficulty ;s necessary to demonstrate any relationship at all.

644 Kleinman, K. M., & Stern, J. A. Task complexity, elcctrodermal activity and reaction time.
Psychophysiolo.y, 1968,0', 51-60.

Forty Ss, divided intv. 2 groups, pehformed either a simple or complex fixed
foreperiod RT task. Various measures of skin resistance were taken before and during
performance of the task. Only on the more complex task were electrodermal measures related to
RT. However, the sign of the relationship was opposite to that found in other investigations: Ss

* with many spontaneous fluctations and orienting responses reacted slowly. The rtsults were
interpreted in terms of tha influence of both task complexity and foreperiod characteristics.
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646 Kleinsmith, L. J., & Kaplan, S. Paired-associate learning as a function of arousal and
interpolated interval. Journal of Experimental Pschol 1963,_§5, 190.193.

This experiment tested the hypothesis that due to the phenomenon of perseverative
consolidation, a pattern perceived under high arousal should show stronger permanent memory
and weaker immediate memory than a pattern accompanied by low arousal. While recording skin
resistance as a measure of arousal, 48 Ss were presented 8 paired associates for learning. The Ss
were tested at various time intervals: 2 min, 20 min, 45 min, 1 day, and 1 week. The results
confirmed the hypothesis (p = .001). Paired associates learned under low arousal exhibited high
immediate recall value and rapid forgetting. High arousal paired associates exhibited a marked
reminiscence effect, that is, low immediate recall and high permanent memory.

646 Kleinsmith, L. J., & Kaplan, S. Interaction of arousal and recall Interval in nonsense
syllable paired-associate learning. journal of Experimental Psycholon7/, 1964,§67, 124-126.

Using meaningful -- tired associates as stimuli it has been shown previously that due
to the phenomenon of perseverative consolidation high arousal .ssociates show stronger
permanent memory and weaker immediate memory than low arousal associates. The present
experiment was designed to show that thii phenomenon is independent of the association values
or uniqu.- qualities of the words involved. While recording skin resistance as a measure of arousal,
36 Ss were presented 6 (0% association value) nonsense syllables paired with single digit numbers.
Ss were tested at 2 min, 20 min, or 1 week. The results confirmed. the hypothesis (p = .01).
Nonsense syllable paired associates learned under low arousal exhibited high immedialp recall and
rapid forgetting. High arousal associates exhibited a marked rem!niscence effect, low immediate
recaill and high permanent memory.

64'7 Kleitman, N. Phys -ilogical cycling In B. E. Flaherty (Ed.), Psvchophysiziogical aspects of
space flight. New Yo, k: Columbia University Press, 1961.

In the studies of artificial rhythms referred to, it was shown that the longer the
cycle, the greater the bod4 temperature range. This means that one can expect to reach a greater
degree of alertness and a higher level of performance, on the one hand, and a more complete
relaxation, perhaps better sleep, on the other. The exact length of the period firally adopted
would dep-nd upon the ultimate waLeful capacity of the space travelers, to be determined by
actijal trial of' cycles of varying duration.

641s Kleitman, N., & Jackson, D. P. Body temperature and performance under different
routines. Journal of A"liedA PhysolQgy, 1950.,A, 309-328.

Diurnal body temperature curves of 9 male adults were modified, in a few days, to
conform to a variety of experimental activity schedules. The less the deviation from the usual, routine, the better was th~e adjustment. No c.hange in the usual diurnal body temperature curve

! occurred on a rotating activity routine.

Color naming, and to a lesser extent reacti-in time and Link Trainer operatikn,
showed a diurnal variation in performance, particularly on the rotating activity routine, the only'
ore which permitted te~ting around the clock. In a generai way, the highier the body temperature,
the better Was the performance. In the operation of the Link Trainer, tae higher the total
pf.rormance scores, the more uniform were the ten successive subscores. This relationship also
held for the mean intraperiod and interperiod scores.
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640 Klinger, E., Gregoire, K. C., & Barta, S. G. Physiological correlates of mental activity-. Eye4 movements, alpha, and heart rate during imagining, suppression, concentration, search, and
chioice. Psychoohvsioloy 1973, Iq, 471477.1

during 6Measured REMs, EEG alpha, and tonic heart rate (HR) of 21 female undergraduates
duig6types of cognitive tasks--imagining a liked person, suppressing thoughts of the person,

searching one's mind for alternative solutions, arithmetic involving little concentration, problems
involving high concentration, and choosing a preferred activity. The latter 3 required
verbalization; the forme~r 3 did not, Only suppression and search did not differ signlficantiy from
each other on at least one phyfiological variable. Imagining, suppression, and search yielded few
REMs, high alpha, and low HR. High concentrAtion yielded many REMs, low alpha, and high HR.
Choice yielded nmany REMts, low alpha, and intermediate HR. Low concentration yielded few
REMs, low alpha, and high HR. Suppi'essicrn produced somewhat less alpha than imagining but
did not differ significantly In REWs

eW Klinke, R., Fruhstorfe~r. H., & Finkenzeller, P. Evoked responses as a function of external
and stored information. Electroencephalograph, and Clinical Neiirophysiology~, 1968, 25,
119-122.

During " he periodic presentation of vibratory stimuli at rates faster thaii 1 stim/1 0I
sec the amplitude of 4he c',)rti,-.al evoked response of man decreases as a function of time. Ifduring a fast perl-odic stimu'lus sequ~ence single stimuli are hi regularly omitted, the omission elicitsa ccrtical response. If identical stimul! are irregularly initerpolated in the sequenre, their responses
are greawtr har the average revronses to the stirmuh o& ihe sequence., These fazt% are a further
indication that the ariplitude ol evokeýd i-esponses 1-s dm, endent on, amonig other parameters, the

*efftctiva Informationi provided b7j fle stlnndlus. This effective ln-7orm-ation might therefore result
th cLa nonnfron it comnparison bctvjetn inormation concerning stimulws parameters storedJ by the CNS and

e j Kiarmanz, R. Cont~ngent negative variation and cardiac deceleration in long prepa.-atory
intev~al-, A developmenetal situdy. PychoDhysiol2Sy, 1975, 12, 609-617.

Ten-, 14-, and 19-yr-.01d3 partizipated i., a simple RF task. with 5-sec foreperiod.
CNV waveforms contained an early and a late negative component, and comparable dleceleratory
limbs characterized thf cardiac waveforms. Tihe 1 9.yr-olds' early cardiac deceleration underwentj
inter~mion habituation and the analogous CNV response intra-sesslon diminution: both *
processes were absent in younger S61bjeCts. Only young adults exhibited steady growth of late
cardiac and CNV waves across both sessions. There were no developmental diff erences in basalI
body movement or anticipatory slowing of somatic activity or cardiac. rate. However, 1O-yr-olds
had faster basal heart rates and larger acceleratory cardiac r~esponses within dhe foreperiod than
either o~der group. The revults demonstrated partial dissociation of somatic arid cardiac act~vity
under the present experimenital conditions. The overall results underscore the need for
developmental psyctophysiulogic?-I research including childhood and adolescence.
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62 Klotzbucher, E. Pulsverhalten bei geistiger arbeit in abhangigkeit von arbeitsdauer und

arbeitsintensitat. [The effect of the duration and intensity of mental work on the pulse.I
Zeitschrift fur dif Qjesamt Hygiene und Lbr Grenzyebiete. 1971, L7, 330-332.

The author carried out three experiments with an arithmetic test:

1. For 2 hours, granting a one minute's interval every 10 minutes,

2. For 30 minutes without any interval, under pressure of time,

3. For 2 hours without any interval, under pressure uf time.

The correlations between pulse reaction, the arithmetic tasks solved and •he number
ci orrors are demonstrated.

ee& Knott, J. R. Closing overview. E!cctroencephalography and Clinical Neurophysiology,
1973,.Supplement 33, 349.355,

Empirical though we may be, a great many of us are concerned with the "meaning"
of the CNV. None of us, in all likelihood, is exempt from having offered some speculation in this
arca. For some it is "attention". For some others the "attention" is specified as being "selective".
"Expectancy" has had its proponents, and many still rally to its banner. Others believe a major
correlate to be "motivation." If we wish to regard "the CNV" as the end result of many
physiological processes, then there may be multiple psychological, and physiological, correlates,
as Hillyard has reminded us in the past. We would do well to avoid becoming locked into-or
becoming locked out of-a proposed explanatory channel by virtue of the premature acceptance
of any particular hypotheses or concepts. In the course of this Congress we were shown the
results of an experiment on CNVs during visual "search and recognition" tasks. Let us, ourselves,continue to search, let tis keep on generating CNVs about CNVs, until we reach a supportable set •

of constructs which give these slow potentials a behavioral role.

604 Knott, J. R., & Irwin, D. A. Anxiety, stress and the contingent negative variation. I
Electroencephalography and Clinical Neurophysiolog , 1967, 22, 188. (Abstract)

In a "high stress" situation, 9 subjects with high, and 9 with low, emotionality w,.re
similarly tested, except that a strong shock followed either the right or left warning light. A
manual response to shock was made only when the warning signal preceding the shock was on the
right. The CNVs on non-response trials were the same for both groups, but on the response trials
the low emotionality group had higher voltage CNVs.

This seemingly paradoxical finding rn.y be due to a "saturation effect", so that,
under stress, anticipatory cortical negativity operates from a higher baseline in the high anxiety 4
(or emotionality) group. In the low anxiety group the response occurs from a lower baseline, and
hence does not saturate.
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666 Knott, I. R., & Peters, J. F. Sex, stress, and interstimulus interval. .EleJgoncephalo rauhv
and Clinical Neurophysiolomy, 1973, Supplement 3, 191-193.

The principal findings ir, this investigation are: (1) CNV behavior cai z shown to
vary as a function of sex if the experimental conditions are suitably manipulated; and (2) the
CNV behavior of females, when placed under stress, is similar to that of anxiety-prone subjects.

We Kogi, K., & Saito, Y. A factor-analytic study of phase di6crimination in mental fatigue.
Ertonomics, 1971, 14, 119-127.

Attempted to discriminate phases in the course of diurnal variation of cortical
functions for 8 operators in a train control cen'ter. Criicai flMcker fusion frequency was measured
at different periods of a 24-hr ihift. Correlation coefficients armong periods were computed and 3
"underlying factors were extracted. In accordance with these, thf-v shift periods were classified into
the morning-rise phase, the intermediate phase, night-ami-_ ',y - morning phase, and
after-overnight-vigil phase. The last phase, although in the morni ig hours, did not show the
features of the 1st phase, but was characterized by markedly different factors as compared with
the early morning. Distribution of observed fusion frequencies was not normal in the phases of
night or intermediate factors. Similar factors and phases could be demonstrated also for choice
RT. It is concluded that phase discrimination of cortical functions by means of factor analysis
would be of use for detecting the overfatigued conditions in operators.

667 Kogi, K., & 5 iito, Y. IPsychophysiological reactions of electric locomotive drivers with or
without an assistant driver.J Ia.anes. Journal of Industrial Health, 1971, 1.0, 89-99.

Eight drivers drove a special train with passengers or freight between Okayama and
Hiroshima in the daytime either with an assistant or by experimentally introduced single-driver
plan.

1. Average heart rate significantly increased during single-driver driving, as compared
with driving with an assistant. The relative increase in beats/min was 2.9 in straight sections and
4.6 in curved and slope sections. The increase was more pronouiced in driving situations which

* demanded increased attention as on down-hill tracks or when rnearing the station.

2. Distribution of intervals of saccaoic eye movements proved to be a composite
Weibull distribution. Percentage of rapid shift of eye movements with intervals of less than 600
msec, which might be indicative of increased caution, was found to increase significantly when
advancing through a station yard without an assistant. But this tendency disappeared at the later
period on the way back.

3. Factor analysis was conducted on a data matrix of the critical fusion frequency of

flicker measured at a total of 52 sessions of two- and single-driver driving. Throughout on- and
back-way of two-driver driving one and the same factor was dominant, while single-driver driving
was characterized by the alternation of the dominant factors after on-way and the back-way had
high weights of a factor associated with periods of declined flicker fusion levels. If eight engineers
were divided into two groups according to another factor analysis on subjects by the same data
matrix, there was found a group of engineers who showed a distinct decrease of the fusion
frequency during the single driving.
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em Kogi, K., & Saito, Y. Rhythmic fluctuation of orientation to a continuous manual control
task. lournal of Human Erzolo,, 1973,2, 169.184.

Fluctuation of orientation to a tracking task was made observable by varying the
controlled system characteristics according to the er, or level of the moment. Male adult subjects
performed either compensatory or pursuit tracking for 15 min, and large error increases were
seen between intervals of half a minute to a few minutes. Orienting to the task was examined in
two ways. In the compensatory tracking, the subject was to find, as quickly as possible, randomly
appearing, flickering illumination of the target spot. The critical flicker frequency thus measured
was significantly lower during 15-sec periods preceding error increases than during steady control
phases, low values from the fnrmer oeriods deviating from a normal distribution. In the pursuit
tracking, saccadic eye movw!ý, .•- .• found less frequently during 15-sec periods prior to large
error increases, resulting in -- stantaneous saccade rates computed from distribution of
saccade intervals. These result: u,,!4tst that a recurrent phase exists in which orienting to the
tracking temporarily d, .,jnes pritsi, to an apparent performance decrement, presumably due to
spontaneous lair of attention.

am Kohlova, J., & Matousek, 0. Zmeny vegetativnich funkei pri psychicke einnosti v
laboratornich podminkach. [Changes of autonomic functions during mental activity in
laboratory conditions. j Ceskoslovenska PsvcholoWi, 1968, 12. 49-62.

The authors try to ascertain: a) what autonomic changes occur during mental
activity, b) what is the dependence of these changes on the type and complexity of the task, c)
what is the relation of the magnitude of the reaction to the quality and quantity of the
performance, d) what influence has the spontaneous and enforced working tempo on the
autonomic reaction.

The following tasks were used to model the mental activity in laboratory conditions:
Raven's progressive matrices with gradually increasing difficulty of individual tasks with various
(i.e. subsequent and random) difficulty of task groups, arithmetic tasks with three degrees of
difficulty, acoustic tasks. of binary character, signal tasks (reading of light signals on a panel)
with different information content and combination of some mentioned tasks. The subjects were I
men and v -men 18-35 years of age (N1 =11, N2=8, N3 =14+7). Changes (which occur during
work on a mental task) in pulse frequency, in breathing and in the skin response (measured by
deceptograph) correlate significantly (R = 0.783 to 0.933). Therefore merely the pulse frequency
taken telemetrically in further experimental series was used. The most significant changes in pulse
frequency occur immediately at the beginning of the activity; when the spontaneous tempo
continues the autonomic reaction decreases, even when the task becomes more difficult. If the
working tempo is enforced the pulse frequency commensurably increases depending on the
increasing complexity of the task up to the moment when the requirements of the task pass the
immediate performance capacity. The passing of this performance capacity ,veakens the
motivation of the subjects (pending the current knowledge of tha- results) and the pulse
frequency declines. The non-working values of the pulse frequcncy (measured in brief I
intermissions between -he individual tasks) In adjusted subjects hardly change in the course of the
whole experiment (about 3 hours); unadjusted subjects, show first increased nonworking values
and later the values decrease, until they reach the level of adjusted subjects.
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Kohlova, J. & Matousek, 0. Ein beitrag zur bewertung der psychischen belastung von

operatoren in modellsituationen. [Contribution to the evaluation of mental load of
operators in model situatn.ns.I P.o£odi f .4 Symposium on Erzonomics in Machine

SjoInl ormanize, by the Czechosiovak Medical S.iet . PurkEne and Ij.,
Pr•ag 2-7 October 1967,ILO, Geneva, 1969,1, 109-115.

Possibilities of the evaluation of mental load were studied on a control-desk model
which permits display of variously coded information. Two methods were used: double tasks and
measurement of changes of some autottornic functions. Some psychological tests, tasks of
calculation, visual and auditory tasks were used as primary and secondary tasks imposing varied
degrees of stress. Among autonomic functions, heart rate, respiration rate and skin resistance
were measured. From the practical point of view, acoustic tasks and pulse rate were considered
most useful. When determining mental load, precise mathematical description of the performance
is essential, and the factors of motivation must be respected.

M Kohn, M., & Lifshitz, K. A nonparametric statistical evaluation of changes in evoked
potentials to different !tiniuli. Psychophysiolo~y, 1976, 13, 392-398.

An experiment yielding the evoked electroencephalographic potentials (EPs) to
seven different stimuli was conducted on a population of 13 female and 7 male normal subjects.
Patterned-visual,auditory arni combined (bimodal) stimuli were used. One stimulus case required
subject responses. Calculations of the first four statistical sample moments at the EP time points
indicated nongaussian amplitude distributions. A nonparametric statistical test, the
Mann-Whitney U-test, was used to detect the significant point by point (p S. .01) differences
among the EPs to the visual, auditory an• bimodal stimuli. The most extensive differences were
obtain,-d from EPs to stimulus pairs requiring subject response (identification). Differences
among the EPs to different visual patterns existed to a lesser extent than to stimuli of different I
sensury modalities. In general, a change in the physical parameter of the stimulus induced
changes in the earlier components, while the response requirement induced changes in :he late
components of the EP. No significant differences were found in EPs to the same stimuli between
recording locations with hemisphei ic symmetry.

662 Kok, A. The influence of speed and interval variation of serial stimuli on physiological
change. Acta Psychologlica, 1970, L4, 22-38.

Studied changes in heart rate (HR), heart rate variability (HRV), blood volume pulse
(BVP), respiration speed (RS), aaid alpha rhythm (AR) under conditions of the variation of the
speed and intervals of auditory stimuli in a serial 2-choice response task. The analysis of variance
of the percentage scores revealed that the differences between the 3 speed leveli, the 5
physiological variables, and also the 2nd-order interaction between the speed of presentation and
the physiological variables were sinnifisant. The difference between the interval variation levels
was not significant. The short-term effect of step-wise variation of the duration of intervals

a between successive stimuli on phy.iological change was also investigated and an explorative study
was made of the periodic fluctuations of 3 physiological variables by app!ying the techniques of
auto-correlation and power spectrum analysis.
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ow Kok, A. Individual ditferences in heart rate and skin resistance during information
processing. Nederdands Tiidschrlft voor de Psycholozie en haar §.rensebho., 1975,10,
255-275.

Investigated individual differences in heart rate and skin resistance among 50 male Ss
while performing 2 information processing tasks with regard to the peronality variables of
neuruticism and extraversion. The tasks were (a) pressing different buttons in response to high
and low tones and (b) mentally adding certain digits to other digits previously given. Results of
the 1st task indicate that the physiological dimensions of variables with average levels of
stimulation, size ef tonic response, and amount of spontaneous variability were strongly
interrelated, but the relationship of these dimensions to the number of errors and to neuroticism
and extraversion was slight. No clear relationship was found between the 2nd task and
personality variables. The study refutes the intake-rejection hypothesis formulated by J. I. and B.
C. Lacey.

664 Kok, A. Thc effect Jf 52 intensity and eye fixation on the EEG in a preparatory interval.
Psychophysiology, 1977, 1 101. (Abstract)

Alpha Rhythm (AR), Contingent Negative Variation (CNV), and Heart Rate (HR)
were recorded . from 12 subjects during performance of a simple visual reaction time task. The
warning stimulus (Si) lasted 4 sec. In the task conditions the imperative stimulus (S2) was a
change in intensity of S1 that could either be small or large. In the control condition only the S1
was presetited, and no response was required. Ocular fixation was manipulated by presenting the
subject either a homogeneous visual field (a Ganzfeld) or by projecting a small fixation target in
the center of the field. The results lead to the following conclusions: I) Fixation of a target
causes a significant desynchronization of AR in the preparatory interva, compared with
conditions during which no fixation occurs. 2) The effect of ocular fixation on alpha
desynchronization is more prominent than the effect of intensity of S2. 3) The response curves
of control and task conditions show a great discrepancy with respect to the FIR and CNV,
whereas this discrepancy is absent for the AR.

It is suggested that, as opposed to the HR and CNV, alpha blocking is not a sensitive
indicator of a preparatory procesm insofar as it relates to an imperative stimulus followed by a
motor response.

6" Kooi, K. A., & Bagchi, B. K. Visual evoked responses in man: Normative data. Annals of

the New York Academy of Sciences, 1964, 112,254-269.

Normative values for amplitudes and latencies of major components of the averaged
visual evoked response, obtained from examination of 100 medically screened adults, have been
presented for three cerebral regions. Complexity of configuration, regional differences, and
intra-individual consistency have been emphasized.

Because cf the importance of procedural constants and electrode arrangement in
determining the recorded response form, wave Identification is in its preliminary stage. The
following description and numerical designations apply to scalp-ear or scalp-cervical recordings
with methodological variables as outlined. The peak of the initial occipital surface negative wave
(1) generally fell within 30-42.5 msec following the flash. '.n the pafietal region, the initial peak

negative deflection tended to be 5-10 msec later. Wave I appeared to be composed of two or
more rapid deflections, its peak amplitude-latency histogram being multiphasic and skewed to the
side of longer latency. In about one-half of the subjects, a surface positive wave, which reached
its maximum amplitude between 20-30 msec, could be identified preceding Wave I. Wave II,
surface positive, culminated between 60-80 msec. Wave III (occipito-parietal wave), surface



negative, most commonly attained its peak amplitude between 80-120 msec. Waves IV, surface
positive, and V (vertex sharp wave), surface negative, fell within the 90-120 and 120-170 mi.c

ralges respectively. Waves I and II were usually of greater amplitude over the parietal region while

wave III was higher over the occipital area. Waves IV and V were maximal over the central region.

.�g�gKornhuber, H. H., Becker, W., Taumtr, R., Hoehne, 0., A Iwase, K. Cerebral potentials
accompanying voluntary movements in man: Readinem potential and reafferent potentials.
Electroencephaloeraphy Cd i NicpalokVy 1969,.1, 439. (AbIact)

With the exception of this last part, the readines potential aeems to be related only
indirectly to the motor proces, for it shows rather different amplitudes during the same
movements. It is, however, correlat•d with the subjects interest and involvement in the
experiment. In conditioning experiments there is a similar slow surface negative potential
between the conditioning and indicative stimuli. This is accompanied by decrease of motor
reaction time (Walter, Arch. P Nervenkr.. 1964, 206: 309). This too indicates a
"facilitating process in the cortex.

Recently we have investigated the cerebral potentials during voluntary eye
movements in man. The eye artefact can be eliminated by summation of the potentials with right
and left gaze. The readiness potential, including the pointlal shorwty before and after onset of
the saccadic eye movement, is larger in the prncentral than in the occipital region. This is
compatible with the hypothesis that the command for saccadic eye movement is given by the
frontal eye field.

Oe7 Kornhuber, H. H., & Deecke, L. Himpotentialanderunrem bei WIkurbewegungen une.
passiven Bewegungen des Menschen: Sereitschafts potential und reafferente Potentiale.
JChanges in human brain potentials following voluntary as well as pauive movements:
Readiness and afferent potentials.J ) Afhf fM dk Q Ph. A
Menschen -nd r Ther, 1965,_2.4, 1-17.

A method of chronological data sIorap and rewvei computation is described by
which bio-electrical phenomena preceding 'spontaneous" events within the nevous system can
be analysed if these events appear repeatedly and are capbe of trifpring a computer.

Slow brain potentials accompanying voluntary and pamlve movements of the limbs
were analysed by this method These potentials were recorded from different points of the scalp
from 12 healthy subjects in 94 experiments with more than 100 movements in each record. At
times artifacts were superimposed upon cerebral potentials. The former were identiewd, and, as
far as was possible, eliminated.

Voluntary hand or foot movements are preceded by a slowly increasing
surface-negative cortical potential of 10-15 ILV, called readiness potential. This potential is
maximal over the contralateral precontral region, but shows bilateral spread and is laqrer over the
frontal than over the ocripital areas. The readiness potential increases with intentional
engagement and is reduced by mental indifference of the subject.

Voluntary movements are followed by a compkx potential with an early positive
phase that begins 30-90 mwec after the onset of movem.nt. The late potentials following
voluntary movements are similar to those after passive movements. Both resemble the late
bilateral compoeents of the evoked potentials after electrical stimulation of peripheral nerves.
Some variable differences between the early components of the potentials after the onset of
active ard passive movements require further investigation.

No relation between the onset of voluntary movements and the phase of the alpha
rhythm could be lettcted.
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mmKorth, N. N.. Sokolov., E. N., & Cole. M. L. K mekhanllmnw obnaruzheniya zvuko.'ykh
signalov chelovet om. I The mechanism of detection of auditory signals in man.j I V
Psikholttii, 1969.15,126-131.

FR; and EMG recordings were obtained from Ss instructed to m~ake a fist when
they heard a tone. Both latencies and trace motor responses increased with decreasing signal
intensity and werz linearly correlated. lncreaeed latencles and trac~e motor responses correspond
ta decrease in the probability of hits. Responses in the form of alpha-blocking extinguish in the

presence of suprdthreshold stimuli; they are relatively more permanent when stimuli are weak. As
-a result the length of the trace motor response and the probability of EEG response increase with
decrcasing signal intensity. To explain these results It is necessary to assume that the mechanism
for detection swigals against a background of noise exists in 2 independent system.s, an on and an
off system.

SKoster, W. G., n raverne. G. La measure de Is charge perceptive: Comparaison de quelques
methudes. I Measurement of perceptual load: Comparison of different methods. I Actes du
T-oisiemc Con de la 5,ocice d'Eappcnoie &e L. Francas Bruxelles: Pr;esse
Universitairec. de Bi uAC~lts, 1968, 343-35 1.

Sinus arrhythmia was one of the methods evaluated. It was found zo have a poor
correlation with subjective impressions; a mediocre capability of distinguishing task from resting
Londitions, and very good capability in distinguishing between tasks.I
670 Koukkou, M., Madley, 1. M., & Yeager, C. 1. Memryx and vigilance: Spectral EEG analysis

during learning in humans. Electroencchalowah- and Clinical Neuirphysioh~ky, 1969,
27, 687. (Abstract)

EEG spetra obtained during learning of new sentences were compared with spectra
during relearning of sentences which were familiar to the subjects. Within the same class of
recall, distinctly higher levels of vigilance wiere associated. with learning of unfamiliar material
than with releArning or familiar material.

Our results demonstrate a systematic relation between the level of vigilance
(objectively assessed by romputer analy~sis of the EEG) during learning and thie quality of the
memory storage.I
671 Kozarovitskii, 1. B. Dinamnika Kozhno-Gal' Vanicheskikh Reaktsii U Dispetcherov V

Usloviiakh Napriazrhennoi Raboty za Pul' Tom Upravleniia Dvizheniem Samnoletav.
IDynamics of skin-gavanic reactions in control panel operators during their work of

regulating airplane traffic. I Zhurnal VYy~ssh JNeryno QiiaJW .ng=Lj 1964, 14, 387-396.

In inexperienced airline dispatchers the galvanic skin responses deviated from
normial due to fatigue At the end of a working day or under tension. The character of tracing
showed diminishing skin resistance, either an increase or a decrease in amplitude in different
individuals, and a decrease in frequency. Distraction of attention tended to lower the skin

resistance which depends on stimulating and suppressing processes. Experienced subjects showed
fewer sharp variations, less fluctuation in amplitude, a faster fading of the response and less
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q72 Kraum-Liebecher, I., & Krause, R. Uber den biorhydtnus des whorpins. IThe blorhyhm
of the visual orpn.] ZeItschrih fur Arztliche Fortbildr. 1965, 2, 96-106.

A study was made of the functions of the visual orpn over a 24-hour period, to
explain some occupational physiological problems and study the problem encountered in siift
workers. Studies and measurements in several subjects confirmed the iwamupton that ere is a
bl3lozrkal rhythm of physiological performance and fatigue processes for certain visual functions

679 Kreitman, N., & Shaw, 1. C. Experimental enhancement of alpha activity.
EIlectroencephak aphy ja Cind Nw1h965, 11, 147-155.

1. A cross-over randomised latin-square design was used to test eight normal subjects
for their EEG responses to auditory, tactile and visual discrhmination tasks, and to mental
arithmetic.

2. Enhanced alpha activity occurred in 24 out of 64 test occasions. There were
significant differences between subjects' mean alpha responses; enhanced responses occurred at
S lear once in seven of the eight subjects, Thore were also significant differences between tests,
tactile testing being most often associated with enhanced responses and visual tess least often.

3. No association was fourd between the type of resting EEG and alpha change

scores on testing.

4. Arousal, as defined by EMG criteria, was positively correlated with degree of

blocking, but the association was too weak to account for the differences in alpha activity between
individuals or between tests.

5. Two patterns of "adaptation" during testing are described. During the trriod of
stimulation (2 min) blocking responses showed a gradual return towa&ds the resting level, whi;e
enhancement responses showed a continuous rise.

6. The role of visual activity, including imappry, is thought to be an unlikely
explanation of our results. Alpha activity probably has more than a single determinant. Theories
of alpha activities which fail to account for enhancement effects must be reformulated, and in
this context the study of adaptation patterns to constant !stimuli might prove tewardng.

674 Krinchik, E. P. 0 determinatsii povedeniya veroyatnostnoi strukwroi situatsii. [How
behavior is determined by the probability structure of the ,situation. r Psihho i.
1968,14, 24-35.

EMG recordings wete taken from the fingers of Ss 4.structed to press a key with I
hand at the presentation of a low tone and press with the other hand when a high tone was
sounded. The probabilities of stimulus presentation were 1, .93, .5, and .07. The muscle tension
patterns were found to be determined by the probability structurt of the task; however, these
patterns developed gradually in the course of the experiment, sullesting that attention-diecting
and preparatory muscle tensions reflect the efferent control of behavior by subjective probability
models.
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WM Krklavy. 1. Fyaoilalcke korelaty infonuacniho vykonu. I Physological correlates of

,formatiout s ftmnc.I %' r 1968.12, 165-171.

The rdationdtip between heart and repiratory rate, pulse regularity, depth f
mliration, and th amount of pion t-d infoinnation was studied in 22 Ss under 2 conditions:
The amount of pm k •md qmat equad elther 3/4 (~deload) or 5/4 (overload) of the
idivlduals capacity. St w Iomr heart rate and low error number during underload
perfomance diowd an increase In heart rate dutinl the overload performance. Ss with higher
heaurt rae and ero number duwi the underload condition showed the opposite tendency. The
pulse Irn*Awulty incremad with th amount of information only in mental, but not in verbal
reproduction. Attitude was important as rupdator of physiological functions reflected by the
chduml in the levl of mentai activation which is only partially determined by the presented or
proceumd inforwmtion.

M Krivahlay, 1. Tepova frekvence a informacni zatezovani pri psani strojem. [Pulse rate &Md
the information load durink typing.I Agivi Superior 1968 ,.10, 172-176.

The conclusion of G. Gancev et al. from 1967 was checked. He asserted that the
pulse rate can be used as an objective criterion of the deqree of tension of higher tiervous centres.
Experiments of Ganev et al. were repeatod but the results obtained did not confirm this
statement. The siificance of diffei ences appears to be problematic. These doubts are based on
reaft of other experiments with increasing the input of the flow of information. Even if it is not
olb to derive from the lack of significance the non-existence of the relationship, the results

would SWU caution. Doubtfui is also the a priori identification 'of the degree of tension of
hWe nervous centres' with *the magntude of the required information performance' as stated in
th work of ul&prian authors

a" Krkovi. A., & SBokal, Z. Utecai polozaja tijela motrioca na detektiranje rijetkih signala i
na elektroenkefalolpam. IViSilance performance, electroencephalogram, and posture of the
human monitor.) za i 1970, 1, 15-18.

Invesaigated the efficiency of detcting rare auditory signals (2 equally long
sMquences of beats) usfn 12 S• under conditions of lying, sitting, and standing. EEG activity and
number of detection in different phases of monitoring were registered. No significant differences
in detections woe found in different postures. EEG activity was markedly different in standing
from the EEG activity in the other 2 postures. These results are contrary to the expectations
which could be derived from activation theory of vigilance.

I
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-~676 Krupski, A. Heart rate changes during a fixed reaction time task in normal and retarded
adult males. Psychophysiolo, 1975, 12, 262-267.

The relationship imtween heart rate (HR) changes and fixed reaction time (RT)
performance was studied in groups of normal and mentally retarded male Ss. Each S received
blocks of 15 RT trials during 4-, 7-, and 13-sec preparatory intervals. Hear t rate wa5 continuously
monitored. The resuh~s revealed that retarded Ss had significantly slower RT scores, significantly
lower basal HR, and lower niagnitudo HR decelerations prior to reaction signal or~sct when
compared to normal Ss. These group differezices were apparent in ail three preparatory interval
conditions and were Interpreted to indicate less accurate covert timing of Pr length in retarded
Ss, Correlations between HR deceleration (measured during the sec in which the reaction signal
occut red) and RT scores lent support to the notion that significant HR deceleration accompanies
fast RT responding in AI but the 13-sec Pr condition for retarded Ss. In this condition, H~R

bacce~eration was related to fast RT performance in retarded Ss. It was suggested that in th.e 1 3-sec
P1, retarded S4 exhibited a dissociation between somatic and autonomic response systemls which
might be rel,-ted to an information processing deficit in tasks of extended duration.

60Krupski, A., & Fitzlerald, H. E. Heart rate concomitants of attention in normals and
retardates during a reaction time task. Psychiophysiology, 1971, 8.,269-270. (Ahstra~ct)

The HP analysis revealed signlfi~ant group ceiffereaices In secc-by-scc HP responding. A
dramatic difference In HR deceleration at about the timne the response signal was to occur was
found between retarded and normal S3roups. In all three PI conditions, normals showed a
sign-ficant deceleration which reached its nadir just prior to or at the timne t." response signal was
to occur, while rttarciates showed either an absenc,- or severely attenuated HR deceleraition at :

Such d.'a would seem to demonstrate the retardate's inability to prepare (or
appropriate respondli'ig regardless of Ole length of tht preparationi time, 11' one acci'pls t~sl
assumption that HR mneasurer, during the PI r'eflect a 'n attention process, the data clearly support
th! ldC.a that the 'n~ardate suffers fi'omn an attention deficit. Altheo this notion is not a novel
the value of using psychophysiological techniques for underatanding mental retardationi. Perhaps
these techn~ques prcovide a much nftded window for viewing retardate bfhavior.

690 Krupski, A., Raskin,. 1. C., & Bakan, P. Physiological and pvrsonality correlates of
commission errors in an~ auditory vlgilainoe task. Psychonhysi.vlogy, 1971, 8, 304-311.

To dptrmine correlattes of the tendencty to make errors of commission in a
vigilance task, 31 inale undergraduates wov ked at a task of listening to r -urded digits for 48 mill
and reported odd-even-odd digit ioquernceb. Reports of "signals"wheiL' signals did not actually
occur constituted commission errors, While S was engaged in the vigilance task skin conductance
was continuously re-corded. A measurt of extroversion and neuroticism was avai!ablc for each S.

The tendency: v. r'Ake commission errors was associated with decrement in the detection of real
signals over tVnie, low ý.SR amplitude at detection poinzts, and low initial orienting respoose.
concluded that -,mrnils&,on errors ore made by Ss who are low In arousal level, subject to
vigilaince decremeart, and likely to score higher on extroversion.
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t el Kudinov, M. P., & Myslobodskii, hI. S. 0 zavisimosti parametrov vyzvannogo potentsiala
a-nozga cheloveka ot sostoyaniya vnimaniya. [On parameters of evoked potential of the
human brain as a function of state of attention.) Zhurnal Vysshe Nervnoi D2ya5tel' nosti
1968, 18, 1027-1034.

Nineteen 18-30 yr old Ss were employed to study the changes in average evoked
potential of the visual cortex in response to light as functions of sleep, the quiet waking state,
and attraction and distraction of attention. Average evoked potential in response to light In the
quiet waking state consisted of several positive-negative oscillations, followed by an
afterdischarge with alpha-rhythm frequency. Sleep increased the amplitude and duration of the
average evoked potential, primarily due to the 2nd, 3rd, and 4th positive waves, with replacement
of the sensory afterdischarge by a slow negative wave. Attraction and distraction of attention
changed the amplitude of individual waves cf the average evoked potential in the different
directions, whereas its temporal characteristics remained usually closely connected with the
motor reaction regardless of direction of attention.

62 Kutas, M., McCarthy,G., & Donchin, E. Measuring ERP amplitudes despite latency jitter.
Psychophysiology, 1977, 14,95. (Abstract)

Signal .iveraging enhances ",e amplitude of signals which are time-locked to the

synchronizing event. The tecinique will therefore underestimate the amplitude of event-related
potentials (ERP) whose latency varies with respect to the eliciting stimulus. This fundamental
feature of signal averaging makes it sometimes difficult to interpret amplitude changes in the
ERP. Similar changes might be caused either by actual changes in the amplitude of the potentials
associated with the individual stimuli or by increases, or decreases, in the latency jitter of the
potentials.

Woody (1967) proposed a technique which augments signal averaging through in

estimate of the latency jitter. We report an application of Woody's technique to ERPs associated
with different semantic categori-zations.

Subjects were presented with series of words with each series containing words from
two categories. Words fron; one category appeared only 20% of the time according to a random
schedule. Subjects either counted the rare words, performed a choice RT task in which accuracy
was emphasized, or a choice RT task in which speed was emphasized. The difficulty of the
categorization requited varied. between series. Kutas and Donchin (1976) reported that 1:,

latency of P300 increased with the complexity of the categorization. Amplitudes of P300 also
varied but could not be inte "reted. Employing Woody's technique (cross correlating each trial
record and then time-locking to point of maximal cross correlation), we obtained a measure of
the temporal jitter drmonstrating an w~crease in jitter with complexity of processing.
Furthermore, amplitude measures which can be interpreted were obtained. The implications of

the results will be discussed.
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663 Kveim, K. B. Muscular and circulatory responses: Their sensitivity assessed in a signal
detection situation (DoCtoral dissertation, Indiana University, 1966). PissertationAbstracts, 1967, 27, 2527B. (University Microfilms No. 66-14, 848)

In this attempt to employ detection methodology in the assessment of the
absolute sensitivity of somatic response systems, four muscular and four circulator,, variables were

studied: EMG potentials from the forearms, neck, and jaw; amplitude of R-wave in EKG, heart
cycle time, digital volume pulse, and finger volume.

The somatic responses were recorded continuously whi;e four suhiects engagedl in a
typical auditory detection task. During 0.25-sec observation intervals (trials), occurring every 15
seconds, a I000-cps signal was randomly added on half of the trials to a continuous white- noise
background. After each trial the subject made a decision whether ihe observation Interval was
more likely to have contained noise alone (N) or noise plus signal (S), indicating his decision on a

* four-category rating scale. A total of 800 trials per subject was presented in the course of four
sessions, two sessions conducted with a signal-to-noise ratio of 31.6 and two with a ratio of 15.8
(these levels of relative signal energy are so low that the subject never can be very sure any signal
has been presented). The somatic activity was assessed both before and after each observation
interval; readings of the integrated EMG potentials were obtained for each of four seconds, while
the circulatory variables wore measured on e7ch of 15 heart beats.

When the activity on S and N trials was compared, reliable "signal effects"' were

found in all of the variables. When, the signal effects produced by the two energies were
compared, reliable differences were established for all but two EMG variables.

Depending on the variable, the effects had short or long latency and lasted briefly or
for several seconds. The effects could often be brought out in a systematic manner by simple
measures of absolute level of somatic activity at specific points, but frequently these, small
detection rcactions were expressed more cunsistently (within or across subjects) by measures
utilizing information from two or more points.

2I
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684 Lacey, B. C., & Lacey, J. I. Studies of heart rate and other bodily processes in
sensorimotor behavior. In P. A. Obrist. A. H. Black, J. Brener & L. V. DI Cara (Eds.),
Cardiovascular psychaphysiology: Current issues in response mechanisms, biofecdback,
and methodology. Chficago: Aldine, 1974.

Those experiments which had in common a major requirement for sustained
attention to external stimuli provide evidence that a majority of Individuals show cardiac
deceleration while performing such tasks. The experiment on Tone Detection, provided evidence
that the response is an individually reliable one, over four separate sessions. This same experiment
also demonstrated intrastimuius stereotypy, s;nce reliable cardiao acceleration was found in asmall subset of subjects. Further experimentation will be necessary to better understond these I .atypical responses. It is possible that undefined responses to undefined parameters of the
particular situation overwhelmed and masked a usual tendency to decelerate while noting and
detecting envirinmental events. One must inquire, however, whether such individuals I
characteristically fail to show a decelerative response under more benign conditions. requiring
environmental intake.

em Lacey, j. I. PsyVc.•ophysiological approaches to the evaluation of psychotherapeutic process
and outcome. In E. A. Rubinstein & M. B. Parloff (Eds.), Research in psychothrrapy (Vol.
1). Washington, D. C.: American Psychological Association, 1959.

"This article reviews the literature that relates psychophysiological ch2.nges to such 1variables as: conflict, threat, frustration, anxiety, anger, fear, startle, pain,embarrassment,and
attention. As a result of the review the following recommendations are made concerning the use
of lutonomic measures as indicator functions: (1) Clear distinctions should be made among three
dimensions of autonomic activity, namely, tension, lability, and spontar~eoc:s activity; (2)
Appropriate and defensible mathematical techniques must be used in arriving at measures of
lability. Simple difference or percentage measure of change are rarely, if ever, defensible. This
topic has been touched upon only lightly in this paper. It is discussed in detail elsewhere. (3) One
measure of somatic "arousal" cannot serve as an index to the state of other measures. Even at
best, the intercorrelations among autonomic measures is low. (4) So far as preset evidence goes,
individual indicant concordance is ýn low that single autonomic measu.es cannot be used tounequivocally rank-order the "arousal-value" of different stimuli for a given individual, or the
"arousability" of different indididuals.
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ON Lacey, 1. . Somatic response patterning and stress: Somre revisions of actva.tion theory. I n
M. H. Appley & R. Trutmbull (Eds.), Enhlo~ lt :Lp3i S c New York:1
Appleton-C'otLvly-Crofts, 1967.

The general conclusions to be' drawn can be stated briefly. There is strong
neurophysiological and psychophysio;(40caf evidence that. different fractions of uaAtonomic,
electroencephalograph ic, and motor restponse are medated separaiteiy, by perhaps "intimately
related" but clearly dissociable mxhanisms. The* dissociation may be biolo. icaily useful because
the different fractiont of response can influence cortical pnd ibwbict,%) functioning l1', different,
and sometimes opposing, ways. While we have not yset really demonstrattd that the
neurophysiological mechanisms I have discussed accw~nt for the observed psychophysiological
correlations, the parallels are suggestive. In chronic anitnals at least, direct tests may be possible
of the hypothesis that the visceral afferent negative foedback fromt heart to bprien is in tact
operative during attentive observation of the environment, in the ways outlined ~abovo, and does
in fact, account for the obsered relatIoriships. Whether observations such as these I-ave
implications iov the study of physiological response to "stress" will be left for the r eader to
decide.

667 Lacey, J. Auton~omic indfcles of mtention, readiness, and rejection of the external
environment. in D. P. Kimble ý(Ed.), ftdineso k; i!m~mr: toq4n of the third
conference on learni, reme b a nd~ .. ! Efogetn. New York: Gordon and Breach,

In this report, Lacey preAnts data that call inoquestion the generality of
activation and arousal theory. In addition, data are presented tbat indicate that cardiac .
deceleration is related toý stimulus Intake and that cardiac acceleration Is related to rejection of
the external environment.]

aft Lacey, 1. . Some cardiovascular c'rerelates of sensorimotor behavior: Examples of visceral
afferent feedback- In C. H. Hockman (Ed.), Limb! sstem mechanisms and autoromic
function. Springfield, HIi.: Thomas, 1972.

Is the impact of the environmrent on the autonomic functions of the organism really
as diffuse as traditional doctrine would suggest? The opinion was advanced repeatedly in this
symposium th~at it could not possibly be and that -.here had to be much more delicate modulation
of the effects of internal and external events ont autonomic functionis. I agree with this opinion,
and Iplan to present experimental data demonistrating that autonomic effectors show different
patterns of activity during different kinois of [attentional demands). I will come to focus oil
differential responses of heart rate arid blood pressure, and I will offer, as a provocative working
hypothesis, the notion that expla ýations for the data are to be found in the mechanisms or
feedbAck from the cardiovascular system that Dr. Dell and Dr. Hockman talked about in previousI:

OWLacey, J., Kagan, J., Lacey, B. C., & Moss, H. A. The visceral level: Situational
determinitnts and behavioral correlates of utonomic response patterns. In P. K. Knapp
(Ed.), Expressions of the emotions inmayi. New York: International Universities Press,
1963.1

The studies discussed In this article deal with physiological correlates of situations 0i
which S is assumed to want to accept the external environment, reject the external environment,
as well as situations in which subject involvement is assumed to have played a crucial role.
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Mso Lacey, J. I., & Lacey, B. C. The relationship of resting autonomic activity to motor
impulsivity. In The brain and human behavior. Association for Research in Nervous and
Mental Disease. VT. 5'9I. altimore: Williams & Wilkins, 1958.

It was established that the rate of emission of autonomic fluctuations, as seen in
recordings of skin resistance and heart rate, was a reliable individual characteristic. The resting
rate tended to be fixed in magnitude upon 18-hour re-test. An heuristic interpretation was made
that these fluctuations were spontaneous rather than stimulus-evoked, and served as "energizers"
of cortical mechanisms. A review of the relevant neurophysiological literature led to the
construction of a physiological model that related frequency of autonomic fluctuation, but not
level of autonomic ;unction, to hyperkinetic-impulsive aspects of behavior. This retrospectively
accorded witI observed personality differences between extreme individuals who were
characterized by very low or very high frequencies of autonomic discharge. A separate
experiment confirmed the theory in most details. Resting rates of autonomic fluctuations were
significantly related in predicted directions to (a) the frequency of occurrence of erroneous and
impulsive motor responses, (b) reaction times, (c) the temporal course of the development and
maintenance of a set to execute a specific motor response, and (d) the ability to voluntarily
increz•se response latencies. Autonomic level related only to (c). A major contradiction between
theoretical prediction and empirical fact occurred in that rates of fluctuation, as measured,
during the performance of the task did not relate to psychomotor variables. This was attributed
to two artifacts of measurement. Ou technique of measurement (the number of 30-second
intervals, in a 15-minute rest period, in which autonomic variation was seen) was relatively crude
and failed to adequately reflect the periods between bursts of autonomic activity. Moreover,
theoretical considerations sugest that the following variables need to be taken into account: the
number of cycles in a chained series of autonomic responses, and rate of evolution of single
autonomic bursts. These conclusions follow from a consideration of the role of autonomic
discharge, particularly cardiovascular discharge, as a stimulus to the baroreceptors of the carotid
sinus and aortic arch, which are structures essential to the mechanisms hypothesized to account
for the predicted and empirically established co-variation between hyperkinesis and impulsivity,
on the one hand, and frequency of autonomic fluctuation, on the other hand.

ft1 Lacey, J. I., & Lacey, B. C. Some autonomic-central nervous system interrelationships. In
PI. Black (Ed), Physio!ozmcal correlates of emotion. New York and London: Academic
Press, 1970.

Two initial steps seemed to us to be required. We first had to specify, if we could, i
experimental conditions that reliably would produce, not the familiar elevations of heart rate and
bWood pressure, but decreases in these variables, while other physiological variables
simultaneously were showing sympathetic-like changes. We then had to demonstrate, if we could,
that acutely produced decreases in cardiovascular activity were correlated with increased
behavioral eff'iciency, a result that would be contrary to current views. Ultimately, of course, we
would need to show that these facts - if they could be demonstrated in intact human organisms--
truly could be explained by the operation of the negative feedback path from the heart to the
brain.

We have had some success in taking the first two steps. The rest of this paper will be "
devoted to a brief review of the evidence that leads us to suggest that one important effect of
cardiovascular activity on behivior is to gate environmental inputs and motor outputs into and
out of the CNS; that elevations in blood pressure and heart rate may produce, under appropriate
circumstances, a sort of "stimulus barrier" ( to use a picturesque term from psychoanalysis) and
that decreases in heart rate and blood pressure may produce a more permeable "stimulus
barrier,"
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09 Lacey, J. I., & Lacey, B. C. Experimental association and dissociation of phasic
bradycardia and "ertex-negative waves: A psychophysiological study of attention and
response-intention. Electroencephalography and Clinical Neurophysiolo, 1973,
Supplement _33, 281-285.

The heart then decelerated as a correlate both of attention and response-intention.
The simultaneously recorded CNV response, however, irdexed only response-intention.

On the other hand, the vertex potential responded to the expected immediacy of
reinforcement because it was greater (P <. 0.01) on block administrations of trials with
immediate reinforcement than on block administrations of trials with delayed reinforcement. On
random schedules, as a control, CNVs were equal. The heart rate did not show this effect of
favoring immediate gratification.

The SP recordings show what is, so far as we know, a new electro-dermal
phenomenon. Instead of large biphasic deflections, we observed a slow and small increase in
palmar positivity, P < 0.01 in all 4 subgroupings.

af Lacey, J. I., & Lacey, B. C. On heart rate responses and behavior: A reply to Elliott.
Journal of personality Social Psycholo-y. 1974, 30, 1-18.

Replies to R. Elliott's recent critical review of J. I. Lacey and B. C. Lacey's position
concerning the relationship of cardiovascular activity to behavior. It is claimed (a) that Elliott
misinterprets the Laceys' psychophysiological and neurophysioiogical hypotheses, (b) that he has
been selective and insufficiently critical in his citation of the research by other investigLtors, and
(c) that the "alternative" position which he finds acceptable is not truly contradictory and is
neither based on adequate data nor free from technical and conceptual difficulties. [Article also
reviews the relationship between heart-rate and attention.]

MS4 Lang, P. J., Gatchel, R. J., & Simons, R. F. Electro-cortical and cardia~c rate correlates ofpsychophysical judgment. Psychophysiolo, 1975, 12, 649-655.

Nine undergraduate volunteers participated in a frequency discrimination task. They
were asked to rank fiv-! different pure tones, presented individually, and report their judgment
several seconds after each tone terminated. Tones generally ranked correctly in frequency yielded
larger fast-cortical potentials and evoked heart rate responses. Stimuli which occasioned frequent
errors prompted a specific, negative, slow cortical wave, which could be distinguished both from
eye movement artifact, and the slow wave changes associated with orienting and anticipation.
The physiological data were analyzed in terms of two conceptions of the cognitive processing
involved in psychophy:*cal judgments.
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6W Lansing, R. W., Schwartz, E., & Lindsley, D. B, Reaction time and EEG activation under
alerted and nonaierted conditions. lournal of Experimental Psycholol, 1959,58, 1-7.

wee Reaction time means and SD's did not differ for the three nonalert conditions, but
were markedly reduced when the warning s;gnal produced alpha blocking prior to the visual
reaction stimulus. The reduction in RT as a function of the length of ihe foreperiod interval
followed precisely the same time cours as the curve showing the degree of alpha blocking as a
function of the foreperiod inteival. The RT's vary with duration of foreperiod alerting, attaining
minimal ievels by 300 msec. Since alpha blockade or EEG activation typically occurs within this
same interval, both reducod RT and activation are believed to be identified with an alerted or
attentive state produced through action of the zscnding retictft" activatnw, system (AqAS)
resulting from sensory stimulation and instructional set.

Me Larsen, L. E., & Walter, D. 0. On automatic methods of sleep staging by, EEG spectra. A
Electroencephalography and Clinic NeurEqIhskl2&y 1970, J§, 49-467.

This reseaich grew aut of a comparison of the multiple repression (MR) technique
for sleep stages classification and the techniquw of multiple discriminant (MD) 3aalysis as
previously used by this laboratory.

A prominent source of error in both techniquc resided ik, t, he diffictily qJf
identifying low-alpha subjects in stage I sleep and high-alpha subjects H" REM. These findigs
prompted a systematic study of whether high- and low4!pha subjects, ai identified by the waking
record:; differ in other stagW of corisciousness. We found that high- and low-alpha subjects were
easily discriminatcd in all stages studied exc--pt REM, where only one record was misclassified
trom each group.

Many techniques were investigated subsequently for their ability to improve the

opecration of the MD method. The combimoation of a layered decision process that is based on the
identification of "clumps" in the tk st space and the use of smnothly curved decision boundaries
(i.e., quadratic discriminant functions) raised the level of performance on the testing data tample
to thQ following levels of percent agreement with clinical classificatior: waking, 91%; stage 1,
64%; REM, 66%; stage 2, 85%; stage 3, 85%; and stage 4, 85%.

We conclude that spectra are adequate measurement parametews for all sleep s-tages
with the possible exception of the ftage I /REM discrimination, where tht levet of performance is
marginally acceptable.
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Lassman, F. M., & Seewald, R. C. Effects of attention state and intens.ity level on human
auditory evoked (averaged) cardieo'iascular response. Lournal of the Acoustical Societr of

t America , 1974,,56, S63. (Abstract)

Effects of varying listening postures and different intensity levels on averaged
caidiuvascuiar responses !o acoustic signals were studied. Twenty-four normal-hearing female
vJAunteers were offered fivt 1000-~4z tones (800-msec duration, 19-msec rise/decay), one signal
each 45 seconds. EKG activity was recorded by a Medtronic Tachograph and th~en "averaged"
through a Fabri-Tek FT 1052. Half the subjects received a 30-dB-SI sigiAl first, tide other half a
70-dB-3SL signal first. Within a month, the experim~ent was repeated with the other sensation
level, i.c,, '70 dB 3L or 30 db SL, respec~ttely. Listening condit;,ons included: counting, reading,
repose, and a nonstimulus controi. Listening order was balanced. For all listening and intensity
cohditions, a rntiltiphasic response pattern of initiai decelernion, followed by acceleration, a
seceni decelration, and a long return to baseline w-as usually observed. At 70 dB SL, response
pat%.erns appeered urkiform regardless of listenhitg statt. But at 30 dB, counting showed a
significanty !arger change than rezding and heart rate took longer to return to baseline at all
listening taznditions. Counting appeared to mitximize the response t~. the 30-dD signal.

04- Laurell, H., & Lisper, 4. 0. Changes in vi~bsidiary reaci~on time -und heart-rate during cir
driving, passenger travel and statiomiry conditions. rsionomics, 1976, 19, 149-156.

A reaction tin.e (RTý task was used in three conditions, each lasting 2 h, during
which six female subjects: (i) drove on a 5 kin closed track, (ii) were driven as passenger on the
same. track, and (iii) were tested in a stationary vel'cle. There was an increase in RT only in the
driving condition. Furthermov'e, V~r was a progressivcly greater increase in RT over the three
successi,'-qt sessions, independent of the order in which conditions were tested. Measurement
of heai. HR) showed that HR decreased only in the driving and the passenger conditions,
and th. Jecreasc in HR becadme progressively smaller over the three sessions. Consequentlyj
RT-data and HR-data (interpweted as indicating level of arouisal) provided contra-indications of

chinges in di iving proficiency.

ams Laurig, W., Becker-Biskaborn, G. U., & Reiche, D. Software problems in analysing
physiological and work study data. rr ornoics, 1971,14~,625-631.

In analysing man-wurk relations inu ATC-tasks correlations between stress and strain
factors are of importance. In field research the variables of stress and strain factors represent time
series, the analysin. of which cal: for some cautioit. When testing correlations between time series,
the effect of serial correlation has to be considered. The calculation of regression coefficients for
the descriptioo of the relation between serial correlated variables requires assumptions about the
vaiidity of the least square procedure. After taking into consk'-eration further analyses of the
residuals and serial correlation effects a combination of stress factors was used to determine the
strain factor 'heArt rate' of a radar cor~troller. The coefficient of multiple determination reached

about 80 per cent.
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"700 Laville, A., & Wisner, A. Etude electroinyographique des muscles de la nuque au cours
d'une tache de precision. [An electromyographic study of the neck muscles dur~ng a
precision task.J Journal de Physiologie. 1965, 57, 260.

Posture, heart rate, and the electromyogram (EMG) of the neck muscles were
measured in 13 Ss carrying out a task whose precision and speed of movements could be varied
independently. Performance stabilized for ench difficulty level, and in ill Ss the neck-muscle
EMG increased progressively during a 2 hr session. The inteivaied EMG correlates wit t1h
subjective stress of a demanding, precise task, and appears to be the most sensitive indicator H
the situation studied.

701 Lawler, K. A. Psychophysiological correlates of attention in children and adults: 1. The
effects of uncertainty and motivation. 1;. The cardiac-somatic rmlatbonship (Doctoc'l
dissertation, The University of North Carolina at Chapel Hill, 1974). QpttjnAbstracts
International, 1975, 35, 42248. (University Microfilms No. 75-4843)

Twenty-five fifth grade boys and 25 male college students were uwd ai subjects in a
discriminative RT situation. The warning signal was a light, followed in five seconds by one of
two tones, the respond signal, to which the subject depressed either a Tight- or a left-hand key.
Uncertainty was manipulated by varying the ability of the warninig signal to predict the
appropriate response. Motivation level was varied by having oec 4mcsion as a practice or learning
session, and another where, speed and accuracy were important.

The variable of motivation was differentiated by HR. forearm EMG, GBM (General
Body Movements), and RT. Tonic levels of HR and forearm EM(G increased during motivation,
while GBM activity decreased. Phasic changes in these responses also differentiated the effect of
motivation; during session 2, HR decelerated mo,-e, forearm EM(U; increased, and GBM activity
decreased. In addition, RT responses were faster during session 2.

Only HR and RT iesponded systematically to changes in uncertainty. As crncevtainqy
increased, HR accelerations increased, and HR deceleratiuns decreased. Reaction time responses
also increased with increases in uncertainty. There was no somatic response that differentiated
this effect.

The developmwont of the pattern of HR, forearm EMG, anr chin EMG responses was
also examined over the first eight trials. Both HR and forearm EMG required from four to eiiht
trials to develop, while chin EMG showed its largest response on trial 1, and then subsequently
decreased.

The discussion considered two main points: the reliability of HR deceleration as anindex of atter.ion and the relationship of cardiac and somatic responses. Since increases in
uncertainty did n~ot produce increases in HR deceleraticns, !he confounding of attention with
task difficulty wa&s considered. With regard to the cardiac-somautic relationship, a model was
proposed linking HR and relevant muscle activity in a functional reiationbhip, and "Wparatling HR
from irrelevant muscle activity.



"7CIC Lawkv, K. A., Obrilt, P. A.. 6 Lawier, I. E. Cardiac and soratic response patterns •ui asig a
reaction tim taIk in chlldrtmi and adults. Pwyh5Mjv, ,1976,13.448455.

PycVhOpVsll"V p were stuled ii; 25 fifth grade boys and 25 male
collep saxints durin a choice reton time ik&. Attention to the task was manipulated
throuO chanpi * two variables: uncertainty and motivation. Heart rate responses reflected
chanu. In, uncertainty for both roup. Pow rate, foearm EMG, eye blinks and movements, and
gneral body mtoveent differentiatd betwem two levels of motivation. These results indicated
tha 9 children imid adults .r e d similaly, and that heaan rate and forearm EMG were the most
seim:ive indices of chanM in stiulhs variables Further examination of cardiac and somatic
rexnus revealed an amoacatlon betwmcn cardiac and task-relevant so4nratc .activity. A study of
iponme patterns over trials confirmed this relatioruhip, which was discussed in terms of a

two-proces modl.

7 = Lazarus, R. S., A McIlary. R. A. Auono•m c: discrimination without awareness: A study
of oubaeptlon. h •,iul , 195s1. IL 113-122.

1. GSR vidonce is preaented to indicate that at tachistoscupic exposure *-eeds too
rai for conscious dbcruminadim (as measured by the sublect's inability to report which
ilmulus was prented). the vs% ct is stil capable of making.. discrimination We Suggest that
the level of perceptual activity Midkcamd by this finding be called .u...tion.

2. It is important to control for unequal preference br stimulus material before
drawit comihslotm about the acaracy of percptual nw.cAgtion.

3. PaIrn some of the stimuli with electri; shock dJo.s not result s a change in the
frequency with whkh dw wv accuately identified at various uejx~uue speeds.

1k 4. Slmw of On i cations oi this experiment for perceptual ane .inical theory are

704 Leavitt, F. EEG activation and reacaion time. loaf of Experimental Psychology. 1968,

The .ovarlation of reaction time and alpha desynchromzation was investigated at
fareperi of 200,50. SMO, and 400 wm•. The results demonstrated that reaction time and
*a 1 •.. r duylz 0 me c d luences by variations in the fureperiod conditiun.
Reliably btw RT and maxiMal ihadaynchromiaation occurred 500 msec after the warning
i*Imu; txoea, within the context of the foreperiod. the 2 variables did not woval A unilul
undweing aroua proce am rejected sn favor of multiple neural arousal pot esaes.
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7 Lecret, F., & Pottier, M. La vigilance, facteur do securite dans ia conduite automobile.
(Vigl.,ce as a safety indicator in car-driving.I Trzvall Humair 1971,3, 51-68.

In order to evaluate the effects of real life driving on vigilance, 31 subjects have been
used during 106 test sessions in a series of experimenta'ios with increasing driving periods.

The principal parameters were as follows:

- electrical activity if the cerebral cortex. (EEG);

- heart rate frequency (EKG);

- spontaneous blinks of the EOG;

- electrical activity of the neck muscle., (EMG);

- variations of skin resistance (GSR);

- steering wheel movements;

- ga pedal movements.

In a preliminary experimentation, four driving situations were tested:

Electrophysiological parameters shlow different levels of vigilan-.t: the highest
arousal corresponding to a driving situation in town, a monotonous driving at night induces a
particularly low arousal.

Then a first experimentation was conducted for the purpose of studyitng the
decrease of vigilance through two and four hours of driving, on the motor way.

Secondary effects were shown: initial and final effect of ýhe test, and t.all bar
croing, increased to high but temporary degee.

The second part of the study followed up with two loam driving tests on the
motorway during a longer period of time (6 hours), with and without testing poris. The
influence of long driving and the efficiency of rest pauses on driver ,dertness we shown.

For any session, with or without rest periods, similar demweowment appeared for
most of the parameters during the two last hours.

These experimentations give the matter for recommendations in the context of safe
driving,



7ms Lees, W. M. Sponanums esicbn~eumal fwlumzaiv'm aan index al vadrniht in aiar
and oi upiiamkou fDocomai diemtiulon. The Cadsolk Lhineriity of Amuifta. 1%9)9

The preaMset ady Wa mdwtjMAu, lo I Owg dism U sk A ~wYmaimn fhactumjns
(SF) in electrodw'mal ktvl ane amomavei witi deficits in cunici enhisorv comwuu of

Elecarodervsia recoribp wuuwobtliud uni rinius ~candiantim ufvmpmaft~as a
Veteram Adininkeration p u- i-medical and mwItml homp"t. Subjects dimplaysM feam shan
three 30 second kduvakin s wkh~t a 60NI ohmo fluctuation cawred wm p4wsd in th km.
flKucgug,n grw while uOxw d*pAybi. four or more such invervai wer piamd in fth imp

It wee found *ha ho. SIF uab*c me a *psivkvtft Www (I 3 .46. p -ý.005)
maiober of reponssi to W~ieIvant hems inteammV chuve Awro% a wvlubr &m. Owe Ov~pul'm
meassur emiplow edm hn low SIF suhicue HIO SIF mhpcu wow ao fomuW ia dmpla) Vwuuv
diffiult in kiuihit l tho mo m i of m-udk a purinted color newt A tawo of the reqired

cwae wishd mr of low SIF m&W (I a2-7.j c ~.O25). .cbp dnpbvwg ew
fluctuatlom wer found to ref. to the ~immld iss~u more 1rvnhl~p AWiq a 1 1
eemtliaion insk (1*338.g 1? OS < 0011n~om w v~panc tmk. vnoed sue 40n ommmeons
from a spati wazy of "Qmunldim finU ptuIs dun. did aft"cu divlayus frequeMt
fluctuations (ft - .37, 1? <.0005). it vmA d inudwta ho SF um~ecue utilimed fewer
cuass in dl~inmat Imutme powovirk fkpwe on the bamb of uhmseqmnt cumr consisaf of
Pw't of one of Owe flpmu (t a 2.03.g 1?.0O) mid requirsid morm tue to tocame cuss puflamit to
an embeded mm Cquu - 2.14,g p .05)

7w Lqpwit. FL. Sursonawa. 0.. & Cuwutrfeldt. 0. D. EEG cturos during perfomwe to
vianam W~s under open.. and clmosdeyud condltimw fjgr InmAW #

Obtained m'noineric EI.G inmrwiW of 5 h-edgth o a dunug rm and durft
perfonammne of 4 diflaen tsis wit eym cloedmd of 5 gmU with eva upon. Auiomuatu
anllýof sapar-co" mW froaso-a lEEG viI'm dwlolowwq eslt: a)ulw-th

perloraWmnce prdcda siip~mcam wood vaward wonwiedume dupeus. *I Wmworo-4xc"put alpha
tactiy. and (d) the i uiem in vi -mhrafuatbon with @V" open was uadmp n ni of whethe

vuiftw topnsa we vdirecuvwa ivked in Ow t mL
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SLqpwie, H., Sionewv, 0., Cnutzrhtdt, 0. D. Tulemetrische E G - Untersuchungen in
ON: I -'- ITel-mmTric EEG- studits durinq high performance situations.i

m,,mau~uuw I,95. 0 . !

The hiN performance dematds of modem man-machine-systems necessitate more
Sia*e of pixtrnmam contros by telemetric EEG-registration. In contrast to the

fermr#, ~fpensive methods mod in space medicine the authors discuss problems and possibilities
of rmutine EEG-qmowration. The authors particularly refer to suitable pnd economical computer
aitsls of the EEG. As an example of such use the authors present two model studies in which
EMG erfta were dAtemined under cisarly defined rest and perfonnance conditions. As the
emit %AfiA nim of thea two studies it was found that mcntal tension is not generally

1 w*d dai l dr m Azation of the EEG.

7ap Ltmrann, D., Sedler, G. W., Jr., & Fender, D. H. Changes in patterns of the human
WlOctmn1ce oaloamduring fluctuatiom of perception of stabilized retinal images.

P N n -r-- • -,and .Neuropysoli 1965, 19, 336-343.

tive reports of the spontaneous fluctuations of perception of a stabilized
getima p -r rectrded simultaneously with the subjects' EEG.

Pea adsl fad.<out of the image showed a high correlation with the occurrence of
EEG al*ha traim, wheeas period of visibility were correlated with low voltage fast activity.

The consideration of motor reaction times and alpha blocking times or latencies to
vitual stimmiation indicatas that central processes control the tire at which fluctuations of
p pti.., of a t* Ila d retinal imale take place. These are not retinal events reflected in the
Nomw leel at taw theL

w Leman., 0., S. eeler, G. W., Jr., & Fender, D. H. EEG responses to light flashes during the
obsrvation of stabilized and nomi-l retinal images. Electroencephalography and Clinical
?, 1967,22, 136-142.

The EEG potential evoked by repetitive 3.2/sy - flashes of light to the fight eye was
msmand in ix su•mhs; at the soe tkm the left eye,, ed various continuously presented

tw , bc in own l and in stabilized vision.

The following observations '"re made:

1. In sutbilled vision, no significant change cou~d be detected in the amplitude of
the n6ked powtial during periods of clear visibility or of spontaneous fade-out.

Time the damW in the state of CNS activity, indicated by low voltage fast EEG
dmf periods of image visibility versus alpha activity during periods of fade-out, are not
relecled by the evoked responses.

2. The presentation of a structured target to the left eye in normal vision reduced
the amplitude of the potential evoked by flashes to the right eye. If the ,ame target was stabilized
on the retina, there was less reduction in the amplitude of the evoked potential.

The puater reduction of amplitude of the evoked potentials during observation of
d trer ; not-,ul vision compared with the reduction measured duwirg stabilized vision is

emsrpr ed as resulting from increased loading of the higher levels of the visual system in the
formr caw; in this condition, fewer elements are available to participate in the evoked response
to Uuqatesrned light.



711 Lehmann, D., Jacewitz, M. M., Koukkou, M., & Madey, J. M. Multi-hannel EEG field
analysis: Sleep and wakefulness in humans. EldctrogncitphalograAhY and Clinical
Neurophysiolh'y, 19. ', 30, 271. (Abstract)

Simultaneous amplification and recording in 48 channels is used for svdles of the
s.•atlal properties of the human scalp EEG. Series of equipotertlal maps of the EEG field
distributions are constructed. These maps reveal relatively simple field configurations during alpha
activity; positive or negative maximal values of the fields remain in one, two or three small areas
of preference during 70-80% of the time. The maximnal values step from one preferred area to the
other; clockwise or counter-clockwve sequences are observed in the case of three preferred areas.
The avcrage amplitude r.er elect,....e, an index for the degree of relief of the field distributions,
reaches its periodic peak values at times when the maxima reside within preferred areas. The f-eld
distributions during sleep EEG are different from the fields during alpha EEG. During sleep
spindles an anterior precentral-central area contains '.he field maxima; the fluctuations of the
average amplitude per electrode occur at about 28 c/sec, but are less regular than the 20 c/sec
fluctuations during alpha EEG. However, slow wave epochs during sleep show complex field
distributions, sometimes with bilateral symmetry. During slow waves the highest relief of the
fields typically is seen when precentral-central area! contain the positive field maximum.

71a Leifer, L. J., Otto, D. A., Hart, S. G., & Huff, E. M. Slow potential correlates of
predictive behaviour during a complex learning task. in W. C. McCallum and J. R. Knott
(Mds.), The responsive brain._ Proceedings of the Third International Congress on
Eýcnt-Related Slow Potentlaii of the Brain. Bristol, England, 1973, Bristol: John Wright,
1976.

RP, CNV, and P300 wtre studied in a complex probability learning task. RP
convelned with transition class, CNV with predictive astuteness, anJ P300 with astuteness, event
probability and the occurrence frequency of positive reinforcement. P300 analyses are consistent
with ihe conception that learning occurs mainly during positive reinforcement trials,

71i Lester, J., Knapp, T. M., & Roessler, R. Personality, physiology, performance and sleep
deprivation. Psyciophysiologt, 1976, 13, 180. (Abstract)

Groups formed from sub-ects selected for extreme scores on the Barron Ego
Strength Scale (Es) and on the Barratt Impulsiveness Scale (BIS) diffored in the number of signals
correctly detected in a visual monitoring task dauring a 72-hr ,n deprivation experinent.
Subjects who scored high on the Es scale dete':ted more signl in did norm il or low Es
sub ects. Subjects who scored low on the BIS also performed significantly better on the vigilance
task. Sleep deprivation produced substantial decrements in heart rate and in four performance
measures (omission errors, interrogation rate, reaction time, and word forgetting). There wi%
significant covdriation of heart ra•te and two performance measures, omission errors and i
interrogation rate, in particular for the low ego strongkh/high impulsiveness group, the personali•,
group which showed the greatest dt;ternoration of performance over the sleep deprivation period.
Skin conductance was found to be lower for those subjects with high ego strength. The results are
cdiscusscd in relation to the effects of personality types and physiological arousal on performance
during sleep deprivation.
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714 Levinson, J. B., & Fenz, W. D. The effects of motivation on cardiac activity. journ kf
Psychology, 1971, 78, 11.26.

Investigated the relationship between motivation and cardiac activity in anticipation
of, during, and following the completion of an attentional task. Thirty male undergraduates were
randomly divided into 3 gi~oups: I receiving high, 1 low, and 1 "neutral" motivational
instructions. Measures of heart rate were obtained for each S over 30 trials, each being segmented
into 4 periods for heart rate analysis . The analysis yielded highly significant group interactions
with both time and trials indiating that the motivational instructions did exert a reliable
influence upon cardiac activity. It was found that increases in motivation, while not affecting the
overall pattern of the cardiac response, lead to increases in the amplitude of the response. Results
are also discussed in terms of S's level of attention.
715 Levonian, E. Attention and consolidation as factors in retention. svchonomi I.inc,

1966, 6, 275-276.

The skin resis' inces of Ss (61 high school students) were recorded during a 10-min
instructional film, and Ss were tested for retention of information immediately after (short term)
and 1 wk after (long term) the film. Resistance decrements which preceded information
presentation (predecrements) led to short-term and long-term retention, whereas postdecrements "41
led to reminiscence. These results are interpreted in tems of attention and consodidation.

716 Levonian, E. Evoked potential in relation to subsequent alpha frequency. Science, 1966,
152, 1281-1282.

The 12 lower-frequency trials yielded an average EP with positive deflections at
about 40 msec and, thereafter, at increments of about 100 msec, and with negative deflections
evsnly spaced at intermediate points. Relative to this curve, the 12 higher-frequency trials yieldedan average EP whose deflections are not only opposite in sign but are also attenuated. The
average for all 24 trials yielded an attenuated copy of the average EP obtained from the 12
lower-frequency trials, as might be expected. The first three positive and negative peaks of the 12
lower-frequency tiials differ significanlty at the .01 level from the six time-associated points of
the 12 higher-frequency trials.

These- results indicate that the process of averaging over all trials may be misleading
if it is assumed that the trials are drawn from a homogeneous population.

Finally, I have assumed thkt the relation between the evoked potential and
subsequent alpha frequency is based on trial-to-trial variation in attention. However, since
attention was not measured independently in this study, alternative explanations, such as that
based on the phlase of alphK at the time of stimulus presentation, cannot be discounted.
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"717 Levonian, E. Retention over time in relation to arousal during learning: An explanation of
discrepant results. Acta Psychologica, 1972, 36, 290-321.

Arousal increment (more simply, arousal) during learning is related to subsequent
retention. Published results are discrepant. In some studies physiologically higher arousal, relative
to lower is related to better short-term (a few minutes) and long-term (30 min or more)
retention. In other studies high ;r arousal is related to poorer short-term and better long-term
retention. Both results are explioned here in terms of the retentivity-accessibility hypothesis,
which is derived in this article on tue basis of an analyzs of methodological differences between
studies obtaining the two results. The hypothesis states that high arousal is associated with strong
retentivity but poor short-term accessibility. The hypothesis is evaluated on the basis of its
compatibility with published results.

' 718 Libby, W. L., Jr., Lacey, B. C., & Lacey, J. I. Pupillary and c.&i, i.ctivity during visual
attention. Psychor' ysiolog•v, 1973, 10, 270-294.

Thirty -;ctures, rated on 22 scales, were shown to 34 male undergraduates while
pupilary diameters and heart rates were recorded, to test the prediction that attention to the
environment leads Wo sympathetic like dilatation .nd parasympathetic-like cardiac slowing. The
relationships of the responses to stimulus-attributes also were studied. The prediction was
satisfied, demonstrating directional fractionation and situational stereotypy. Tonic levels changed
significantly during the experiment and also showed directional fractionation. A few Ss and
stimuli, however, yielded reliable pupillary constriction, demonstrating intrastressor stereotypy.
Four factors characterized the ratings, 2 of which were associated with the autonomic responses.
Pupillary dilatation and cardiac slowing* increased as the Attention-Interest value increased.
Pupillary dilatation was greatest to pictures midway on the Pleasantness-Evaluation factor, and
greater to unpleasant than to pleasant stimuli. Cardiac slowing was linearly related to
pleasantness, with unpleasant stimuli provoking the greatest slowing. The 2 responses werecorrelated less than measurement reliability would have allowed, demonstating quantitative

dissociation. When base-corrected scores were used the correlations again were low and highly I
variable among Ss and stimuli, even in direction.

719 Liberson, W. T., & Liberson, C. W. EEG records, reaction times, eye movements,
respiration, and mental content during drowsiness. In J. Wortis (Ed.), Recent advances in
biological.2sychiatry. New York: Plenum Publishing Corporation, 1966.

1. A few seconds preceding the onset of drowsiness (alpha-blocking), slow eye
movements appear. The incidence of these movements increases during the first 10 to 15 sec of
drowsiness. Then these movements decrease during the later periods of drowsiness and usually
disappear when spindles occur.

2. Respiration becomes less regular during the first 20 sec of drowsiness, then
recovers its regularity.

. •3. The latency of motor reaction times increases linearly during the first 30 sec of
drowsiness, as the incidence of feelings of sleepiness increases. However, only 50% of the subjects
reported evidence of drowsiness and/or the presence of hypnogogic images during the first 30 sec
of continuous EEG drowsy pattern.
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720 Lieblich, I. Manipulation of contrast between differential GSR responses through the use
of ordered tasks of information detection. Psychophvsiology, 1969, §, 70-77.

Identified 3 variables involved in the production of Short Term Physiological
Activation (STPA): (1) frequency of usage of the stimulus by the organism, (2) relevance of the
stimulus to the organism, and (3) whether a verbal response to the stimulus is required. Stimulus
sequences for information detection were constructed by combining these variables, and
physiological responsiveness was observed in the GSR. It was hypothesized that short term
physiological responsivity could be manipulated in an ordered fashion using combinations of the
variables. Fifty-four undergraduates were tested in 6 experimental sequences. It was possible to
manipulate the contrast between the GSRs emitted by the S to the critical stimuli, and those
produced to the alternative stimuli in information detection ta3ks in the predicted direction.

721 Liederman, P. H., & Shapiro, D. Studies on the galvanic skin potential level: Some
behavioral correlates. lournal of Psychosomatic Research, 1964, 7, 277-281.

The galvanic skin potential (GSP) level was recorded continuously in several groups
of male subjects under a variety of stimulus conditions. GSP was relatively low during conditions
.of sleep, intermediate during a monotonous learning task, and relatively high during presentation
of unpleasant stimuli and wakefulness in a sensory deprivation situation. The findings suggest
that GSP can provide a simple objective technique for recording varying states of behavioral
activation.

722 Lifshitz, K. Cortical evoked potentials_Lo emotionally significant.1k stimuli. Paperpresented at the 120th annual meeting of the American Psychiatric Association, Los

Angeles, May 1964.

With the relatively recent advent of computer averaging techniques there has been
considerable interest in the evoked cortical potentials in human subjects. These potentials I
ordinarily invisible in the ongoing "noise" of the electroencephalogram can be made visible by 4
averaging because of their fixed occurrence in time following a stimulus. There have been
numerous reports of investigations on the evoked potentials resulting from stimuli delivered
through the visual, auditory and somesthetic systems. However, investigations of the effects of
stimuli, which are emotionally laden and/or contain coherent information, on one evoked
potentials have not been reported.

By utilizing a series of 35 mm color slides projected on a screen as the visual
stimulus producing the evoked potential we have been able to introduce stimuli of a controlled
informational and emotional content. The cortical evoked potentials of normal adult maie
subjects to this form of visual sensory input has been investigated. Evoked poten~tials are recorded
from scalp electrodes. The sweep of the "CAT" computer is triggered by the projected slide. We
have investigated three principal circumstances thus far: The responses to projected "art" slides
laden with emotional content of a sexual nature; scenic slides of no particular emotional charge;
and as a control situation, to obtain the same light value stimulus but to decrease the information
content, these slides have also been projected out of focus.

These various situations lead to evoked cortical potentials which show differences
both in the early components and in the later components. Thus, from scalp electrodes we can
observe, in man, evidence of differences in the processing of data with different types of
emotional content.

The nature of I'Oe evoked potential changes and the effects of repetition will be
discussed in greater detail.
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728 Lifshitz, K. The averaged evoked cortical response to complex visual stimuli.

Averaged cortical evoked responses in man to repetitive informationally complex
pictorial stimuli, as opposed to other visual itimulation, were obtained from scalp
electroencephalographic 'EEG) recordings. The method used involved the projection of lantern
slides. Included were three different categories (indifferent scenic, repulsive medical, and nude
female photographs) assumed to evoke, respectively, neutral, negative, and positive reactions in
the normal young male subjects. In all subjects, recordings fiom occipital or occipitoparietal scalp
Icads consistently resulted in evoked response patterns to pictorial slides measurably differing
from responses to these same slides made ron-associdtional through defocusing, or to blank light
flashes. Responses to pictorial stimuli were also different than those to motivated observation of
projected words, colors, or geometric patterns. The evoked responses to the three different
categories of pictorial stimuli also showed significant differences. These differences were not as I
marked and were clearly replicable only for some subjects.

724 Lifshitz, K. An analysis of informatic - .andlini indicated ty the AER in normals and

schizophrenics. Paper presented at the l,4th annual meeting of the American PsychiatricAssociation., 1968.

In this study the AERs to a number of related stimuli are recorded from the scalp in
ten normal subjects and ten chronic schizophrenic subjects. The stimuli used to obtain the AERs
are characterized as "simple stimuli" and "complex stimuli". The simple stimuli are: a blue
light field, a red light field, a black and white checkerboard pattern, and a tone burst. The
complex stimuli are a red and blue checkerboard pattern, and the simultaneous presentation of
a red light field and a tone burst. The visual stimuli are obtained by the projection of slides onto a
viewing screen. The simultaneous information content of the complex stimuli is considered to be
contained in the combined content of the individually presented simple stimuli. The intent of
this approach is to obtain not only information concerning the relationship between a stimulus
and the AER but also somu, insight into the nature of information processing in the brain. In this
case we are comparing the information processing of separately presented simple stimuli and themore complex situation arising when the stimuli are simultaneously presented. The latter instance
requires the processing of more data and necessitates an interaction of elements. By this approach
we may obtain additional insight into the difficulties encountered in various pathological states in
the handling of multiple simultaneous stimuli. In particular, w- are interested in the
"information overload" concept as applied to schizophrenia.

72 Lille, F., & Pottier, M. Interet des potenticls evoques corticaux dans I'ctudM de I'activite
mentale. [Cortical evoked potentials in the study of mental activity.] Travail Humain,
i 972, 35, 59-67.

Studied visual and auditory cortically aroused potentials. Wav,3s were picked up by
electrodes over the occipital and temporal areas. When stimulation was in the same sense, the
amplitude decrement and duration of recovery period were proportional to the difficulty of the
mental task. When stimuli alternated between the 2 senses, there was a partial masking of these
findings.
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7= Lindsey, J. W. Binaural analysis as a function of physiological masking: The cardiac cycle

(Docteral dissertation, University of North Carolina at Greensboro, 1972).
D.Abstracts International, 1972,13, 1821B-1822B. (University Microflhns No. 72-

Two experiments were conducted in an effort to determine the relationship between
auditory signal detectibility and the S's EKG (cardiac cycle).

Data were collected according to a yes/no, signal detection paradigm in repeated
measures designs. Three males served as trained subjects. The S's task was to indicate (by pushing
one of two microswitches) his decisioA concerning the presence of a 1 00 msec signal with a 0.5 j1
Driori probability of occurrence. Experiment I investigated the following parameteirs: (1) Signal
Delay: 0.0 and 0.5 sec following the EKG R-wave; (2) Signal Frequency: 100, 200, and 300 Hz;
(3) Listening Condition: 5O (in-phase) and S r (inverted phase). Experiment II examined the
same delay and listening conditions as Experiment I but at. 5000 Hz. Subjects received a
quasi-random schedule of these parameters. The dependent variable was signal detectability as
measured by d'. Two hypotheses were studied. First, it was predicted (based on the frequency
spectrum of cardiac sounds) that depressed detectability (masking) would be found at 0.0 sec
signal delay (re 0 5 sec) at 100, 200, and 300 Hz, but not at 5000 Hx. Second, detection
advantages for .S'e SO were predicted to be largest when the signal was coincident (0.0 sec) with
the R-wave of the EKG.

"'he experiments ;ndicated support for the first hy hesis since binaural (SO and
S) detectiorn was significantly improved by presenting the siM 0.5 sec after the EKG R-wave
rather than coin-* nt (0.0 sec) with it. However, contrary to 'cond hypothesis, detection
differences bet%. SO and Srwere not influenced by signal delay; that is, the advantage for Sr
re SO was not larger at 0.0 sec than at 0.5 sec. Rather, sensitivity for SO was significantly better
than Sr for all conditions except one.

The results were discussed in terms of the cardiac masking hypothesis.

727 Lindsley, D. B. Attention, consciousness, sleep and wakefulness. In J. Field, H. W. Magoun
& V. E. Hall (Eds.), Handbook of phvsiology (Vol. 3). Washington, D. C.: American
Physiological Society, 1960.

Wakefulness is maintained by excitation of the reticular formation and the ARAS

through coilaterals from all sensory pathways, by corticifugal impulses originating in various
regions of the cortex and by humoral factors which affect particularly the rostral portions of the
reticular formation. llncreased activity in the ARAS through any of these sources of excitation
acts upon the cortex by changing the pattern of its electrical activity from the slow waves and
spindle bursts of sleep, or the alpha waves of relaxed wakefulness, to a pattern of low-voltage fast
waves, commonly referred to as 'activation'. Electrocortical activation is accompanied by
behavioral arousal and by alertness and attention.

The elusive term 'consciousness' has been considered as a graded form of awareness,
ranging from the simplest perceptual discriminations to the more complex cognitive forms of
abstraction and thinking. It has no precise locus on the sleep-wakefulness continuum described in
terms of EEG patterns, behavioral characteristics and states of awareness. Unconsc!ousness in
which perceptual contact with the environment is lost can be identified roughly with the onset of
sleep in Stage C of the EEG in which delta waves and 14-per-sec spindle bursts predominate.

Attention is closely allied to arousal and wakefulness and, like wakefulness and
consciousness, appears to be a graded phenomenon extending from general alerting, as in the
orienting reflex, to specific alerting, as when attention is focused upon a given sense mode and
dominates sensory input to the point of exclusion of other sense modes. Still higher or more
finely focused attention may be restricted to a limited aspect of a given sense mode.
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-* Recent neurophysiological findings have been considered which riot only broaden
t. the scope of modern concepts of brain organization and function, but bear spev.ificaily upon the

mechanisms which may underlie and subserve the processes of attention, perceptioun and learning.

"7= Lindsley, D. B., Elettrocortical correlates of temporally ordered visual phenomena. A
.Ps.itgict, 1964, 2, 201-202.

Digital computer techniques were employed to bring out the cortical evoked
potentials to the paired visual stimuli as well as to the TF (test flash) and BF (brighter flash)
separately. Paired stimuli with inter-flash delays of 250 or 500 msec gave no perceptal
interaction (two flashes seen) and evoked potentials (EPs) to TF and BF are separated and
differentiated. For Inter-flash delays of' 100, 60 and 40 msec, the region in which brightness
enhancement of TF occurs, the EP for the BF appears to merge with that of the TF. By contrast,"t at 20 msec delay between stimuli, where the first st.:...ulus is perceptually blanked by the second,
the EP appears to be that of the BF displacing that of the TF. Hypothetical EPs were

constructed by algebrai'ally summing the EPs fo- separately recorded TFs and BFs and allowing
appropriate delay intervals. These synthesized pairs gave EPs closely simila r to the EPs for actual

* paired flashies, suggesting that for certain temporal intervals brain processes function in all
additive manner.

720 Lindsley, D. B. Average evoked potentials - achievements, failures and prospects. In E.
Donchin & D.B. Lindsley (Eds.), Averaweoe d p otentials: Methods, .eul, and ,

evaluations. Washington, DC: US Gcvernment Printing Office, 1969.

Among the topics discussed in this review of animal and human evoked potential I
research are:

Early history of evoked potentials and the EEG.

Early investigations of brain potentials in the USA.

Sources of the EEG.

Some further historical notes.

Average evoked potentials: Problems and prospects.

Locus, variability and components of the AEP.

Nature and sources of evoked potentials.

Spatio-Ltmporal distribution of potentials.

Average evoked potential and attention.

Specific and nonspecific sensory systems.

Slow potential shifts: The CNV.

Central and peripheral factors in AEP.
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70 Lindsley, D. B. Neurophysiological mechanisms of attention and perception: Their role in 1
information processing in the visual system. In D. P. Kimble (Ed.), Bi Jo .ps remjmbsr:
Proc~eedinl o~f thA thir__.d conferenqee IU•i rexmbm~mrip nd a_• tt New York:
Gordon and Breach, 1969.

Data are presented in this report which relate differences in the average evoked
potential to correctty detected and missed signals in a viglilance task.

7 Lindsley, D. B., & Emmons, W. H. Perception time and evoked potentials. Science, 1958,
127,1061. (Abstract)

Perceptual blanking is believed to occur at the cortical level, when the arrival of
impulse discharges from the second stimulus interfere with the consolidation processes of those
from the first stimulus. The recording of evoked potentials from over the visual area of the brain
provides data on latancy, form, and duration of evoked potentials which tend to support the
argument that perception time is a cortical phenomenon. Evoked potentials were reconstructed
by an algebraic summation method from multiple oscillograms.

7= Lindsley, D. B., & Emmons, W. H. Perceptual blanking, evoked potentials and perception
time. Electroencephalography and Clinical NeurophysioloRv, 1958, 10, 359. (Abstract)

Four, normal, adult subjects practiced in making perceptual judgments were tested
with three intensities of the second or "blanking" flash. A set of three curves of similar form was
obtained for each subject, showing the period of complete blanking of the first stimulus by the
second to be about 25 msec whereas partial blanking continued until 45 msec after the onset of
the first flash. Since perception of the first informational flash was no longer interfered with by a

second non-informational flash following by 45 to 50 msec this period of time may be taken as
"perception time" or perhaps "cortical consolidation time". In confirmation of this are evoked
potentiai recorded from the roc-cipital area. Reconstruction of the form and latencies of thecomponents of the evoked potentials by a repetitive method of cancelling random activity has

permitted a correlation between perception time and the electrophysiological events.

7M Lindsley, D. B., Seales, D. M., & Wilson, G. F. Changes in the tate components of visual
evoked potentials with visual information processing. Societ fcr Neuroscience Abstracts,
1973, 422. (Abstract)

Thus changes in P2 appear to be correlateJ with the complexity of !he visual
information processing task but mainly over visual associition areas. The contrast between these t

changes and those observed under conditions of increased arousal, where late components are
broadly enhanced, are interpreted in terms of specific and nonspecific sensory systems.

276



?ft Lndelsy, D. V., Wilson. G. F., & Sole, D. M. Evoked poteentilas and inform'%tion

pwceulrg. Lj hd~ft a afnIWa Nirmphyl oz 1974, 36, 213.
(Abstfn~t)

It is concluded that the processing or visual information. whether in making simple
discriminations or in more complex discriminations following pattern-number code learning,
modifies the late positive component, P2, of the AEIN over visual inseclation cortx (area 18)
and to a lesser degree over Wernicke s areas (area 39 and 40). No such changes were observed at
the vertex (ame 4). In general. the more complex the visual infornation processing the greater
were the changes In the P2 wave over the occipital area.

7M Lipscomb, H., Rummel, I., Dietlein, L., & Vailbona, C. Circadian rhythms in simucated and
manned orbital space flights. ?4AU tc 1966J,7 2S8. (Abstract)

has Growing interest facumg upon the role of biological rhythms in homeostasis, Evidence
hsaccumulated to sugget that disruption of humaw circadian rhythms leads to decremnents in

performance of discrete sensory-motor tasks. Changes In light intonsity and duration would
appear to be the most important exteroceptive cues to rhythmicy, and evidence will be presented
to suppout this concept. Abrupt changes In lithting reginmes have resulted in disruption of
physiologic, biochemical, and psycho-physiologic pariameters in simulated flights, andI performance of tasks requiring meticulous attention to detail is seriously imapaired- doring periods
in which rhythmic biological function is disrupted. Time perception aiid the ability to repeatI
timed auditory and visual signals Is adversely affected. Datp derived from in-flight physiological
monitoring of manned orbital flights has also been subjected to analysis for circadian periodicity,
and results of this analysis will be presentei.

uf Lisper, H. 0., Laurell, H., & Stoning, U.. Effects of experience of the driver on heart-ratie, 3
respiration-rate, and subsidiary reaction time in a three hours contiuo.-us driving tUsk.
Ergonomics, 1973, 16, 501-506.

Hypothesized that there would be differences in effects of continuous driving on
r experienced and inexperie-inced drivers. Ten mnale 18-26 yr old undegraduates, sered as Ss;

inexperienced Ss all had new driver's licenses and a total driving distance of less than 2,000 kin,f ~while experienced Ss all worked as parttime taxi drivers and had an annual mileage of more thanI
20,000 kmn. The 270-kmn test drive was conducted on a 4-lane highway. Heart rate and reaction
time (RT) to an auditory stimulus were recorded for each S during the drive. Inexperienced Ss had
marked incr-.ases in RT while experienced Ss showed decreases. Decreases in heart rate were
significantly greater for the experienced group (p < .01). RT was considered to be the more
important variable in evaluating the effects of long distance driving. A change in approach in
studying driving fatigue is recommended.
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7w Lits, A. N. Eksperimensal" not izuchemnietochni pieriodiki fizinkgichesklkh fwwuo J
raboao bno10 cheoveka psi sdvinutom rarpoladke sna i bodvwavani.
I Experimental study of diurnal dynamics of physiological functions and parf-rmuw, of
men during normal and altered activity cycles.I Kgl•,heskam 1K9,69
359466.

A drastic alteration of work.-est cycles (deep - 14 to 23 o'clock and vigilance - 23
to 14 o'clock) caused a gradual reconstruction in physiologi functions mnd performance
pattern of fx healthy pilots used as te- subjects. The reconstruction included three - latent.
visible and deep - stages. The rate with which differecf functions of the human body adusited to
a new environment varied: EEG and simple motor reactions changed with the highest rate while
autonomic functions and complex highly-coordinated mental activity changed with the lmwst
rate. The reconstruction of diurnal rhythmicity in the experimental condltiont was slwdficantly
affected by the pattern of physical and mental activity and sleep of the test subjects. and their
motivation. The dynamics of the reconstruction of physiological functions, performance and
sleep of human beings should be considered as the best indication of the human adaptation to an
altered pattern of activity.

76& Litsov. A. N. Experimental study of the diurnal rhythm of physiological functions,
performance and sleep in man modified regimes with double alternation of sleep and
wakefulness. Sjace Bio and Medicine, 1973,7 118-128. (NTIS No. JPRS-60471)

The dynamics of diurnal rhythm of physiological functions, work performance anu
sleep of test subjects exposed to two schedules with i double alternation of work and rest
exhibited the same three stages (latent, apparent and deep) which were observed under other
schedules. The adaptation of test subjects to this alternation of sleep and wakefulness may adhere
to a tractioned (4 + 4 hours and 6 + 2 hours), displaced (4 + 0.6 + 0 hours) or mixed
(fractioned, disturbed and refractioned) schedules. The best schedule was a cycle with 6 + 2
hours of sleep. A schedule with two equal sleep cycles can be used temporarily to solve
operational or emergency problems as well as an intermediate one.

739 Liu Shih-yih; Wu Chin-eh; Sun Shih-luh; Ko Chih-yun, & Liu Yung-tsai. [The influence of
mental activity (mental calculation) on the EEG in subjects of different ages.] Acta
Psychologica Sinica, 1964,3, 281-288.

A study of the influence of mental activity on the EEG was carried out on 359 Ss
from 4-86 yr of age. Different EEG alterations were obtained during mental activity. Often no
EEG modification was found between 4-7 yr of age; more and more EEG modifications
were noted with increase in age. Theta-waves were more frequently observed between 8-17 yr of
age, and diffusely alpha-blocking over the whole cortex was most marked in Ss between 8-60 yr
of age. EEG alterations, associated with mental calculation, were found to be localized mainly in
the left temporal and the frontal regions in Ss of different ages.

278

I.



wo Lnwno, M. N., Giriwova. N. A.. & Aslano. A. S. Interco'elations between different
cortical regios o human bharass diurig enwtal aLltvity. Plow 1964,.2,

(1) uIn h Wu*m " at re the Oelectrica activity of half of the recurded area takes

an md.nd umwd course. Coelnatm•n•in twheO perct4e of time are, a a rule, very few (only

sometime do they mvount to Oloadnu). Interaction betweui the remaining ara takes plac
moday in OW low percnage o tme.

(2) Duing meNAl activiy the pattern of tbioelctricai mosaic is changid.
Crrelations occuirring and correlations botween different cortical areas in a low percentall of
rime (ram a denst r.-twork of functional connections spreading throughout the cortex. Apinu
this backpround, correlatom in the hih peicentage of time appear, their number amounting to a
hundred or more.

(3) They localize predominantly in the anterior parts of frontal lobes and in the
motor analyzer area.

(4) The direction of correlations is found to agree with the morphological paths.
This gives us rounds to believe that these correlations reflect, to some extent, functional
connections of the cortex.

(5) The prcm bears a wave-like character.

(6) Distinct changes of correlations are registered only during sufficiently difficult
mental work. An easy task hardly evokes any changes of correlations.

741 Livanov, M. N., Gawilova, N. A., & Aslanov, A. S. Vzairmnye korreliatsii mezhdu

razlichnymi uchastkami kory golovnogo mozga cheloveka pri umstvennoi rabote.
[Cross-correlations between various points of the human brain during mental work). Zhurnal
Vysshei Nervnoi Deiatel' nosti, 1964,14, 185194.

Spatial correlation of biopotentials of various cortical points was studied in healthy
subjects during mental work. The investigations were made by the electroencephaloscopy with
simultaneous recording of 50 points of the cortex. The resulting data were processed on a
computer.

In a state of "rest" the correlations of the biopotentials in individual cortical points
are not numerous. Electrical activity of half of the recorded points proceeds independently of
each other; the biopotentials of the rest of the cortical points correlate at a low percentage of
time.

During brain work (arithmetical counting), the correlations of biopotentials
appearin-; between the individual cortical points at a low percentage of time create a wide
network of functional "conneCtions" throughout the cortex. Against this background there
emerge many biopotential correlations observed at a high (over 75%) percentage of time. The
correlating points are localized primarily in the anterior parts of the frontal areas and the motor
analyser area. Distinct changes in correlations are recorded only in cases of sufficiently difficult
work.
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?@Lockhart. Rt. A. Cogmitiv procmiiiiean d the multiple rI*"-" Pbl"10enon.

The phenomenon ot multiple autonomnic rsopon ins analze in ftrms of the
component raeW n., of the multiple mW ouw pasten (CS-ft. 101114JS4, PMTST-t4) CS-ft n
uuutepiee as a function of two miehuulssi: (1) an orieinting rel sponse enige to temporal and
ecent unnu~etinty. and (2) a component tentive to stimulas uqmeee i Stcih componmubaw
mibtect to cognitive control, but also aupwpearat i ive in copnsWulmdy deickient populations (e~l..
the mentally retarded). PRE-USR is interpreted unique to hapq-a abl hmans and
manifessted when@ prcopUal~verbal pmooies actually arieove in Ss interacton withi the
stimulus paradigm. It ib, perhaps, an autonomic correlate of "awainenhs" PST-R-f is
interpreted as the earliest development of a neuronal ma del of stimulus sequence, but aubject so
enhancement or suppiression via cognitive, factors When, Ae human mdi jecs has full pinulion ofi
his cognitive and symboli procems, and rebats to the conditioning pwaidim in arms of thene
processes. conditioning phenomena will be quite different than when thewe process. are absent
or directed into nonparadlpin-related activities The e~ec of rendering cognitive proceseesi
dysfunctional cannot be predicted from autornomic behavior mediated by cogniftive processes
*operating naturally and without intererence.

7gLoeb, Md., & Allulsi, E. Influence of display, task, and orpnismic variables on indices of
monitoring behavior. Acta Psycholouica 1970. 3, 343-366.

The effects of a number of variables known to influence monitoring behavior are
reviewed. The principal models for such behavior are considered in the light of the findings. It is
suggested that all of these have merit in explaining some of the data and that none of them
satisfactorily explain all of them.

744 L~omtroso, C. T. The CNV during tas~.s reqjuiring choice. In C. R. Evans & T. B. Mulholland
(Eds.). Attention in neurophysiology. London: Butterworiis, 1969.

The observation of a considerable lag in time between changes in the configuration
of the CNV and in the concomitant behaviour of the subject, could be irterpreted as negating atI
least some of the attributes proposed for the CNV, and briefly summarized above. It seems
possible to doubt, for instance, that the CNV represents a cortical 'priming' process within the
frontal cortex for the discharge of motor neurones, when it may take literally minutes before aI
significant change in its configuration 'catches up', so to speak, with the change in performance.
It is conceivable that the CNV represents many and different phenomena, some being 'neuronal'
in origin; surely, its components relating to the corti'Cal response evoked by the stimuli are
neurenal. However. within any cortical area where populations of neurones become 'active', there
are parallel metabolic processes which also involve non-neuronal elements, such as glial cells,
capillary endothelial cells and the like. It is conceivable that a study of such phenomena as the
graded 'direct cortical response', or measurements of changes in regional blood flow and C0 2,
might reveal closer relationships with certain components of the CNV. It is known, for instance,
that significant changes in the impedance of small volumes of the cortex closely parallel relatively
rapid shifts of blood flow and gas exchange, and specificaily that the impedance of dendritic
structures seems to take place in several of those behaiVioural situations in which negative d.c.
shifts had beer, measured on the cortex. This would represent a kind of intracortical GSR, whose
time basis might be much les3 rigid than one would expect from a causally related neuronal
inter-action during a stimulus-response task.

The observations reported in this study seem, therefore, to add to ~he complexity of
the precise nature of both the psychological arnd physiological processes undcedying the
phenomenon of the CNV.
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~a L~aH.. 56CM-11 LA S. P.. & Wa*mns. D- Imncm of AMtemosuc aMMGM by
bwedom a~ wrw o 1972.It. 29-36.

Two eapuekoom NOW Ow eect of In edo an plv.~k Ain pwnuaaiski

1 960 I~owkS boe dom'i h usa awbonomc arm. Anm MueeNlpme mom covlatd
pef-d wit rea boredm on Urn expermeab! ". Thme udwbstlw asuw of boredom wa
urso as im~u e From an Mkaqist aw of b~ormuMon flw. Inedsqumais inforuuiu. fow may
rms in kmawed aumeowink aroua became of I&) Sproduaced afousalinemcuu rewired to
.mairsa focamod athamion on thle uA aminm (b) reime of brain us.' aroum! censis by

740 Loren,. S. A-0 Jr.. & Darow* C. W. Eye movemnws. EEG, GSR and EKG diting mental

Data fro sen sulliucts befor and during imental mulip~lication may be summarized:

1. Each of the ton subjects shmowed a significant increase in eye movement rate
(EMR) during mienta multipluca:ion. Thewe data sLhst that rapid ocular movement is a
consistnt concomitant of mental moultiplication under the conditions described.

2. The increase in EMM during mental multiplication was not related to changes in
heart rate, conductance lavel (CU). per cent time occipital alpha. or to the presence of a paimar
galvanic skin response (PGR) following presentation of a problem, although a tendency was
observed for those individuals with high CL's to have both PGR's and high EMR's.

3. Records of the six subjects scored for per cent time occipital alpha each showed a
significant decrease in occipital alpha activity during mew~ntal multiplication attr~butable primarily
to "blocking". No unique EEG wave forms were identified.

747 Loveless, N. E. Distribution of response to non-signal stimuli. In W. C. McCallumn and J. R.
Knott (Eds.), fle reosit brain. Proceedings of the Third International Congress on
Event-Related Slow Potentials of the Brain. Bristol, England, 1973. Bristol: John Wright,
1976.

'The 'orienting response' to unpredictable stimuli appears to include a
frontally-dominant negative complex and a centrally-dominant slow positive wave.A

748 Loveless, N. E., & Sanford, A. J. The CNV baseline. Considerdtions of internal consistency
of data. Electroencepha!2jra hy and Clinical Neurophysiology, 1973, Supplement 33,

Rebert and Knott (1970), suggesting that CNV latency is of the order Af 100 msec,
noted that this applies strictly only to the CNV as usually studied, i.e., with fixeJ! and relatively
short foreperiods. When long foreperiods are used, the slow potential change may taike a form
similar to that of the Bereitsc aftspotential and have no discrete onset. Our results suggest rather
that the CNV, of whatever duration, comprises two distinct phases: one has no inherent time
relationship to the first stimulus but occurs in anticipation of the second; the other is a constant
effect of the first stimulus, and constitutes, we suggest, a component of its orienting response.



M Lvelmk N. E., & Sanford, A. J. Slow potential correlates of preparatory set. Biological
M, 1974, 1., 303-314.

Eleven experienced undergraduate Ss performed a simple reaction time task under
the claicl normal, sensory, and motor set instructions. Computer averaging of the EEG
onfwmwd that slow potential changes during the foreperiod could be analyzed into 2
onmqxmenb: an orienting response following the warning signal, and an expectancy wave

anticipalifg the reaction signa. The orienting response was no!. affected by instructions, b'it the
anplitude of the expectancy wave was proportional to change., in the level of preparatory ,et as
i- erred from reaction time. interaction between this effect and the intensity of the reactiot. signal
•eMsts that the expectancy % ave reflects shifts of the criterion governing the intensity required
to initiate a response. Some methods of investigating this possibility are suggested.

7gD Low, M. D., Borda, R. P., Frost, J. D., Jr., & Kellaway, P. Surface-negative, slow-poteritial
shift associated with conditioning in man. Neurol , 1966, 16, 771-782.

Using long time-constant recording techniques, paper write-out, magnetic tape
storap, and electronic averaging, the phenomenon designated "contingent negative variation"
(CNV) by W. Grey Wafter and associates has been studied in 63 human subjects. This
surface-negative slow potential was demonstrated during operant conditioning and during
semantically induced states of "preparation to respond." It was recorded epidurally and from the
scalp. its appearance does not depend upon a particular pattern of eye movement, GSR, heart
rate, or respiration. Neither the intensity nor modality of the conditioning stimuli affects its
appearance. The maximum field of the potential is generally anterior to the parietal region and
near the midline of the head.

The CNV appears to be a true correlate of the cerebral mechanisms associated with
conation.

7 Low, M. D., Coats, A. C., Rettig, G. M., & MSherry, J. W. Anxiety,
attentiveness-alertness: A phenomenological study of the CNV. Neuropsychologia, 1967,

T5,379-384.
The CNV of W. Grey Walter, a slow, surface-negative potential which appears

maximally in frontal regions of the brain of man during psychophysiological states of
"preparation set", is shown, in a non-patient population (a) to have no consistent relation to
subject scores on an objective measure of manifest anAiety (IPAT) in a non-stressful experimental
situation, and (b) to increase in amplitude and decrease in variability with heightened
atteritiveness-alertness.

712 Low, M. D., Frost, J. D., Jr., Maulsby, R. L., & McShcrry, W. Electroencephalographic
correlates of preparation set. Electroencephalouraphy and Clinical Neurophysioloity, 19,38,24,
286. (Abstract)

It was concluded that increasing the force required to accomplish R is associated
with an increase in the magnitide (area) of the CNV, arid that this increase is due to processes
which are somehow altered when a simple mentaý task is imposed between S1 and R.

It was also shown that CNVs are additive, although not linearly, if two anticipations
are superimposed in time or if a subject is expecting to perform more than one response of the
same kind.

These findings reinforce the concept that the CNV is a correlate of a complex sitate
of physiclogical activation, mobilization or preparation set.



753 Low, M. D., & McSherry, J. W. Further observations of psychological factors involved in
CNV genesis. Electroencephalograph' and Clinical Neurophysioiogy, 1968, 25, 203-207.

Experiments were done in man in an attempt to define more cxtensively the
psychological factors involvcd in contingent or conative negative variation (CNV) genesis.

Two experimental designs were used. In the first, S1 was a picture of a number, S2
was a tone pip following S1 by 1 sec, and R was depression of a plunger so constructed that the
force required to depress it increased linearly with displacement from rest. S1 indicated the level

to which the subjectmust depress the plunger. In the second experiment, separate anticipations
were created by presenting subjects with two different S1 - S2 -R paradigms; then the two were
presented superimposed in time.

It was demonstrated that:

1. CNVs are additive if two anticipations are superimposed in time or if a subject is
expecting to perform more than one response of the same kind.

2. Increasing the force required to perform a response is associated with avi increase
in the magnitude of the CNV.

3. The interposition of a mental task between S, and R diminishes the degree of
expected increase in CNV magnitude associated with increased force requirements of R.

754 Lubin, A., Hord, D. J., Tracy, M. L., & Johnson, L. C. Effects of exercise, bedrest and
napping on performance decrement during 40 hours. Psychophysiology, 1976, 13,
334-339.

Young male Naval volunteers were denied normal nocturnal sleep and maintained on
a 60-min treatment-1 60-min testing schedule during 40 consecutive hrs. Ten subjects bicycled, 20
subjects controlled EEG activity during bedrest, and 10 subjects napped. Eight measures of
addition, auditory vigilance, mood, and oral temperature were obtained. The Bedrest group
showed significant impairment on all eight measures, and thus, gave no support zo the forced-rest
theory of sleep function. The Exercise group was worse than the Nap and Bedrest groups for all
measures. In spite of fragmented, reduced sleep (about 3.7 hrs per 24 hrs), the Nap group had no
impairment on six of the measures. The results suggest that exercise increases the impairment due
to sleep loss, and naps reduce or remove this impairment. Bedrest is not a substitute for sleep.
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7a5 Lubin, A., Johnson, L. C., & Austin, M. T. Discrimination among states of consciousness
using EEG spectra. Psychophysioloigg, 1969, 6, 122-132.

EEG recordings were made during waking (W) and the live sleep stages (REM, 1, 2,
3, and 4) on thirteen young adult males. For each stage, one-minute sections of the parietal EEG
trace were digitized and subjected to Fourier analysis. The resulting spectral intensities were
divided into five frequency bands; deita, theta, alpha, sigma, and beta.

Linear discriminators for al! six stages were calculated using stepwise multiple
regression. The overall percent agreement witlO visual scoring was very poor, ranging from zero for
stage 3 to 91% for stage 4. Linear discrimination between pairs of stages yielded slightly better
results, but stages 1 and REM were indiskinguishable.

Delta is the best overall discriminator, increasing signinicaijay through stages W, 1, 2,
3, and 4. Sigma is unique to sleep and is highest for stage 2. Theta is unimportant and beta plays
no role at all.

Spectral analysis of the parietal EEG lead is not sufficient to differentiate among the
six states of consciousness studied here. The use of detectors for such phasic events as eye
movement and K-complexes might aid sleep stage discrimination considerably.

788 Lubin, A., Moses, J, M., Johnson, L. C., & Naitoh, P. The recuperative effects of REM
sleep and stage 4 sleep on human performance after complete sleep loss: Experiment 1.
Psychophysiology 1974, 11, 133-146.

Twelve young (17-21 yrs) male Navy recruits voiunteered for a sleep loss study.
After 4 baseline days, the Ss were completely deprived of sleep for 2 days and nights. Next
followed an experimental phase of 2 days and nights after which all Ss received 2 nights of
uninterrupted sleep.

During the experimental phase, the 4 Ss in the REM-deprived group were aroused
whenever they showed signs of REM sleep. The 4 Ss of the stage 4-deprived group were aroused
whenever they showed signs of entering stage 4 sleep, and the 4 Ss of the Control group had
uninterrupted sleep.

All tests (speed and accuracy of addition, speed and accuracy of self-paced vigilance,
errors of omission in experimenter paced vigilance, immediate recall of word lists, and mood)
showed significant impairment after the first night of complete sleep loss. But during the
experimental (sleep-stage-deprivation) and recovery phases, alt ýhree groups showed equal rates
of recovery.

Depriving the S of stage REM or stage 4 during recovery sleep does not affect the
recuperation rate. Frequent arousals (50- 100 per night) also do not impair recovery. The amouni
of sleep is probably more important than the kind of sleep.
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757 Luby, E. D., Frohman, C. E., Grisell, J. L., Lenzo, J. E., & Gottlieb, J. S. Sleep
deprivation: Effects -n behavior, thinking, motor performance, and biological energy
transfer systems. Psychosomatic Medicine, 1960, 22, 182-192.

The effect of sleep deprivation on behavior, thinking, motor performance, and
biological energy transfer systems was studied in a single subject who remained awake without
drugs for 220 hours.

Behavioral changes included irritability, paranoid thinking, expansiveness,
grandiosity, hypnagogic states, visual hallucinations, and episodic rage.

Deficits in thinking and visual-motor performance occurred cyclically across days of
wakefulness, with gradual deterioration finally resulting in virtual untestability on the ninth day.

Energy transfer systems responded to sleep deprivation as a stressor with a marked
• increase in the specific activities of ATP, AMP, and F-1,6-P; this was evident on the fourth day.

For the first time in our laboratories, radioactive phosphorus was observed in AMP, a reflection
of increased synthesis of this substance from adenine, ribose-l-phosphate, and phosphate. This
emergency energy v. )bilization began to fail by the seventh day, when the spe,.ific activities of all
the adenylic phosrnAtes feii appreciably.

75W Lucaccini, L. F. Vigilance and irrelevant stimulation: A test of the arousal hypothesis
(Doctoral dissertation, University of California, Los Angeles, 1968). Dissertation Abstracts,
1969,. 3523B-3524B. (University microfilms No. 69-5332)

Three experiments were performed. Two experiments (Studies 1 and 2) were
preliminary studies designed to test the effectiveness of procedures used in the main experiment
(Study 3). In Study 1 subjects performed a 40-min simple visual vigilance task. Twenty subjects
listened to varied task-irrelevant auditory stimulation (music) during the monitoring session while
20 subjects heard equivalent intensity, nonvarying, broad-band noise. Performance was
significantly higher with music than noise and a sign-ficant performance decrement occurred
under noise only.

Study 2 was identical to Study 1 except that a complex visual vigilance task was
used. Performance under music was superior to that under noise dur~ng the second half of the
session. Group-based performance measures did not reveal decrements in detection efficiency;
however, a ;ignificantly greater iiumbet of subjects showed performance decrement under noise
than music.

In the main experiment, Study 3, physiological correlates of vigilance performance
were sought. Twenty subjects served in four 60-min sessions in which performance and
physiological measures were recorded concurrently. Physiological measures taken were palmar
skin conductance (basal level), respiration rate, heart rate, and muscle tension of the right forearm
flexor group. Each subject experienced all four of the task-background combinations of Studies 1
and 2. In general, group-based measures of performance and physiological activity were
insensitive to the experimental manipulations. Nevertheless, significant, positive correlations were
found between detection efficiency and two physiologic", measures of arousal, basal skin
conductance and forearm muscle tension. The correlations, computed within subjects, were
significant for both tasks.
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The results of Studies 1 and 2 support the notion that sustained stimulus change is a
critical determinant of effective stimulus variety. The significant intraindividual correlations
found between performance efficiency and physiological activity in Study 3 provide theoretical
support for the position that vigilance performance is linked to the level of observer arousal, The
low magnitude of the correlations obtained indicates that these measures, in their present form,
have limited practical value. Suggestions are made for further research to ir'crease their predictive
power.

?a Luctak, H. The use of simulators for testing individual mental working capacity.
Ergonomics, 1971,14, 651-660,

Simulation in ergonomics research is defined as purposeful experimentation on
models of work situations. The operator, who determines the functional relationship between
stress and strain, is interpreted as the unit of individual mental working capacity. A theory of I
mental stress, built up with concepts from formal logic, systems theory and information theory,
is presented. Three simulators of mental stress, constructed from the theoretical concept, are
introduced. A measurement of strain with cardiac parameters is mentioned. Several concepts for
the evaluation of individual mental working capacity are discussed,

7@0 Luczak, H., & Laurig, W. An analysis of heart rate variability. Ergonomics, 1973, 16,85-97.

Proceeding from a formal definition of heart rate variability, some mathematical and
statistical techniques from sampling statistics and time series analysis for the analytical evaluation
of heart rate variability for ergonomic purposes are presented and compared. The concept ofsampling statistics gives a measure of heart rate variability, arrived at by combin~ng two measures,
which were chosen according to a definite criterion. The applicability •f this measure is
discussed; especially with respect to serial correlation influences wheo, using statistical tests. The
tw& main methods of spectral analysis-the calculation of the transformed autocovariance
function and of harmonic analysis-are presented. The influences of interpolations, algorithms

and physiological effects are discussed. A possible measure of heart rate variability, calculated by
spectral estimates, is proposed and some results are given.

"761 Lugovoy, L. A. Sutochnaia perlodika chastoly dykhaniia u cheloveka v eksperimentakh s
invertirovanlem rezhima truda I oldykha. [Diurnal periodicity of the respiration rate of
men during inverted work-rest cycles.J Kosmicheskaia Biologila i Meditsina, 1972, 6,
75-81.

Experiments were carried out on eight male test subjects who lived for 25 to 45 dais
in isolated chambers with controlled comfortable atmospheres. An exposure to an inverted (a
12-hour shift) work-rest cycle; the effect of ecologic time-givers being excluded, brought about a
gradual rearrangement of the diurnal rhythm of the respiration rate in accordance with the
altered cycle. A study of different patterns of an adjustment to a new cycle indicated that the
rearrangement developed the fAster, the greater being the sleep deficit during the transition.
Endogenouw and exogenous components of the diurnal rhythm uf the respiration rate were
revealed. The endogenous component, which is related to the biological clock of the organism is
characterized by inertia, a velative, low rate of rearrangement, whereas the exogenous
component depends on diurnal variations of psycho-physiological activity of man and changes
simultaneously with alterations in his work-rest cycles. The difference between the above two
components of the diurnal rhythm has been noted in other physiological parameters as well.
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762 Luschei, E., Saslow, C., & Glickstein, M. Muscle potentials in reaction time. Experimental
Neurology 1967, 18, 429-442.

Seven human and 4 monkey Ss performed a reaction time task at short latency
following sound or light stimuli. EMG potentialF were recorded in the responding limb during
performance. The EMG latency was analyzcu by study of individually recorded traces and I
computer averaging. Two classes of EMG activity were observed. One class strongly correlated
with the response. In human Ss response-correlated activation of biceps occurred 80 msec after
an auditory stimulus and 125 msec after a light stimulus. Slightly longer latencies were recorded
foi' response-correlated activity in monkeys. The 2nd class was unexpected. Early EMG activity
was seen in responding muscles much before the response-correlated potentials and appeared to
be more closely linked to the sensory stimuli than to the response. Such early potentials were
seen at latencies as brief as 25-50 msec after the stimulus in the arms of monkey Ss and were
observed in extensor digitorum communis of 1 human S when intramuscular recording electrodes
were used.

763 Lynn, R. Attention, arousal and the orientation reaction. Oxford: Pergamon Press, 1966.

This book reviews the literature pertaining to the orientation reaction and covers the
* followi;ýg topics:

The orientation reaction.

Physiological mechanisms in the orientation reaction.

The habituation of the orientation reaction.

Neurological models for habituation of the orientation reaction.

Conditioned orientation react-ons and the role of the orientation reaction in
conditioning.

The orientation reaction in ontogenetic and phylogenetic development.

The orientation reaction in the measurement of individual differences. j
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76 Mac Kay, D. M., Evans, E. F., Hammond, P., Jeffreys, D. A., & Regan, D. Evoked brain

potentials as indicators of sensory information processing. Neurosciences gr
Proara Bulletin, 1968,2, 184-277,

The following topics are discussed in this report-

1. Physiological correlates of evoked potentials (EP).

2. Characteristics of visual and auditory EP's.

3. Evoked potentials and psychophysics.

4. Anatomical distribution of evoked potentials.

S. Physiological stocktaking.

765 MacKay, D. M., & Jeffreys, D. A, Visually evoked potentials and visual perception in man.
In R. jung, (Ed.), nook of sensor j hsioloy: Central processin of visual
informnatijon, Part B, (Vol. 7/3). New York: Springer-VerlaA, 1973.

The possibility of recording brain activity through the intact scalp has obvious
perennial attractions for the investigator of human perception. To the psychologist, the very
dependence of EP's on psychological factors which bedevils their physiological interpretation
could be of great practical usefulness. Can the sensory physiologist hope to gain information of
comparable value? The samples of evidence we have surveyed suggest that he can, provided that
experiments are careful!y planned to avoid certain pitfalls and to give necessary discriminative
power. In such areas as binocular interaction and fusion, and pat'ern and colour vision, EP
methods have already supplied information of considerable physiological interest, ana their
power may be expected to increase as the principles of interpretation become clearer, illuminated ]
by collateral studies in lower animals and aided by more sensitive on-line computing methods of
detecting correlations and trends.

Since the direct calculation of source distributions from scalp potentials is likely to
be forever impracticable, the physiological value of the method must depend on our ability to
narrow the range of possible alternative sources to manageable dimensions. In this connection
current developments in functional neuroanatomy promise to be of particular importance, and
clinical as well as experimental findings should have a vital part to play. With full utilization of
such clues in a hypothetico-deductive manner, even the "frosted glass" of evoked potential
techniques may be expected to reveal much that can be learned in no other way about the human
visual system.
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766 MacKay, D. M., & Rietveld, W. J. Electroencephalogram potentials evoked by accelerated
"visual motion. Nature, 1968, 21.7, 677-678.

The EPs recorded in these experiments seem cleadly related to acceleration of a
central portion of the retinal image. Their magnitude reflects both the change in velocity and the
number, but not the direction, of accelerated contours.

They might therefore be parsimoniously• interpreted as non-vectorial signs of the
disturbance of the retinal population by the displacement of contours from stimulated to
unstimulated areas; but ;t also appears that this disturbance is greatly increased (at least with
small numbers of moving lines) by the proximity of other lines to serve as landmarks. The nature
of the technique prevented *he recording of signals indicative Gf steady velocity, so it remains
doubtful whether these EPs reflect the activity of velocity-sensitive units in the visual cortex. It

. seems likely, however, that they may' nave a similar origin to the EPs recorded by Gaarder et al.
following saccadic eye movement, and to the EPs for pattern reversal recently described which
can be regarded as a limiting case for infinite irnmge velocity.

787 Mackie, R. R. Introduction. In R. R. Mackie (Ed.), Yjigilance: Theo•y, operational
pqerformince, and physiological correlates. New York: Plenum Press, 1977.

1. Fifteen years ago there was practically no mertion of the physiological correlates
of vigilance performance other than a few remarks concerning muscle-action potentials, although
in one interesting theoretical discussion Buckner concluded, "If the arousal hypothesis is going to
be useful in explaining vigilance behavior, it is fairly obvious that we need an independent
measure of arousal. I suppose a physiological measure is the most likely candidate". There was no
reference to the many now commonly measured correlates such as EEG, cortical evoked
potentials, heart rate, heart rate variability, GSR, CFF, and biochemical measures such as the
catecholamines, all of which the reader will find used liberally in the studies reported in this
volume.

2. There was little mention of rescarch on vigilance as a function of extended or
repeated periods of work, of how vigilance is affected by various work/rest cycles, or of the
possible effects, of circadian rhythms on vigilance behavior.. Several very important papers in this
volume are devoted to these topics.

3. There was only one short paper that concerned itself with the theory of signal
detection; the application of TSD to vigilance behavior was indeed a novelty. Toorlay, its use is
commonplace although it is fair to say that its applications and limitations are still the subject of
considerable discussion.

4. rinally, in the earlier symposium there was considerably more debate about
defining the scope of phenomena that properly fell within the definition of vigilance behavior.
McGrath proposed a number of definitional criteria which stimulated corisiderable discussion and
little agreement. Some of them were (a) a vigilance task must involve the perception and report
of a chziiwge in the operating environment; (b) the signal (stimulus) to be detected must be
specified; (c) when the signal is a stimulus not requiring an orientation response, its intensity
should be close to the observer's detecti in threshold; (d) the signals sl-wuld occur infrequently;
(e) they should occur at random time intervals; and (f) the ratio of nonsignificant to significant
signals should be high.

Many, if not most, of the papers presented at this symposium would fail to mekA one
or more of these criteria. Thus, while it seems likely that most vigilance researchers today would
find this list overly restrictive, it is not clear that we have yet reached a satisfactory statement of
what vigilance research does or does not encompass, although I believe this symposium made
some further progress toward that objective.
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766 Mackie, R. R., & O'Hanlon, ). F. A study of the combined effects of extended driving and
heat stress on driver arousal and performance. In R. R. Mackie (Ed.), Vigilance: Theory,
operational prformance, and physiological correlates. New York: Plenum Press, 1977.

An experiment was conducted on the highway to identify the effects of hot, hurlid
environments on driver performance, subjective state, ard various physiological responses
believed to reflect arousal or stress. Each driver drove a standard sized American passenger car
over a 360-mile (600 km ) route, once under comfortable conditions and once under heat stress.

Under heat stress, the drivers had A systematicilly higher heart rate, greater heart
rate variability, less energy in the higher frequency EEG bands, and produced fewer
17-hydroxycorticosteroids than the/ did in the comfort..le driving environment. They rated
themselves more alert early in the trip when in the hot environment but significantly less alert
near the trip's end; they also rated themselves as notably more fatigued during the second half of
the trip when in the hot environment. Finally, their performance was systematically poorer in the
hot :nvironment as reflected by a greater number of relatively large steering adjustments, the
cornmission of a greater number of technical errors, and an increased tendency to inadvertently
drift out of the appropriate lane of traffic.
769 Mackie, R. R., O'Hanlon, J. F., & McCauley, M. A study of heat, noise, and vibration in

relation to driver performance and physiological status (Tých- R'ep.773.). Goleta, Calif.:
Human Factors Research, Inc., 1974.

Three experimental studies were conducted on the highway to determine the effects

of heat, rinise, and vibration on the driving perfoemance, subjective feelings of alertness and
fatigue, and physiological signs of stress among drivers of passenger cars and trucks. Heat suress
was shown to significantly affect both driver perfornance and various indices of central nervous
system arousal felt to be importart to driving safety. Different levels of noise and vibration stress,
typical of many trucking operat~ons, did not differentially affect driver performance. However, it
was shown that the noise stres:, was sufficient to induce permanent hearing loss in some drivers
and that the amount of vibration stress, unless compensated for by properly designed stats, was
borderline with respect to current standards for "fatigue-decreased proficiency." A review of
pertinent literature on stress and human reactions to it is included.

770 Mackworth, J. F. Vigilance, arousal, and habituation. Psychological Review, 1968, 75,
308-322.

Discusses decrements in performance in vigilance tasks in term.s of habituation of the
neural responses to the background events of the tasks. Habituation of the arousal response leads
to an increase in variance and amplitude of the spontaneous neurai rhythms; this increase in
neural noise may' result in a decrease in sensitivity to the signal events. Habituation of the evoked
responses to both signal and nonsignal events of the task produces a decrease in amplitude and
increase in latency of the evoked response, which may cause the decreases in correct and
false detections found in many vigilance tasks. Sensitivity may increase as the neural evoked
response to the nonsignal events decreases, thus counteracting the effect of the decrease in the
arousal respon.e.
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771 Mackworth, j. F. Y jg ajAnd Aention: A 14nl dejtction o h.rs~qjk Baltimoie, Md.:

Penguin Books, 1970.

Minor sections of this work deal with physiological correla,- : of performance.

772 Mackworth,. J. F. Vi&lnc And habituation: A ncurosvychological ,2D.rua•th. Baltimore,
Md.: Penguin Booki, 1970.

While there is a goow deal of evidence that there is a decrease in arousal during a
monotonous task, and some evidence that this decrease is correlated with the decrement in
performance, it cannot be said that the hypothesis is proved. This conclusion is even more
applicable to changes in the evoked potential, which at present have been examined in two
experiments with regard to signal detection, and a few more with regard to the changes in latency.
It is hoped that this summary of the available material will suggest the necessary experiments,
with the important controls.

It is not possible to separate the various hypotheses that h,'ve been put forward
to account for the vigilance decrement. The vubject's estimate of the probability that an event

* will be a signal will affect his observing responses, the amplitude of the evoked potential, the level
of the arousal response, and the degree of inhibition of physiological responses, as well as the
probability that he will answer yes or no to a particular level of observed event. Thus, it would
seem that at th, time it is better to determine as widely as possible the various concomitant
changes in the physiological and psychological responses of the subject, rather than trying to
distinguish between one theory and another.

"773 Mackworth, N. H., Kaplan, I. T., & Metlay, W. Eye movements during vigilance. Perceotual
and Motor .. i.b, 1964, 1.b, 397402.

This study concerns eye movements recorded luring a vigilance situation. Evidence
was obtained on where peoplt looked when they were watching for signals, which were 0.5-sec
pauses in the motion of a slovlIv revolving pointer. The following results were obtained: (1)
Detection probability for two0 dials was approximately half the detection rate for one dial. (2)
Analysis of eye-niovemeit records showed that in the one-dil situation every missed signal was
fixated without being recognized. (3) In the two-dial condition, signals were not only either
fixated or unfixated, but some were fixated for part of their duration. Approximately one-third
of the signAls fell into each fixation category. (4) In contrast to the one-dial condition, the largest
proportion of unreported signals for two dials were not fixated at al0. Nearly as many unreported
siRnals were partially fixated. About one-quarter of the unreported signals were fixated for their
full duration. (5) Individual Ss differed with respect to the time they paused on one dial before
shifting to the other. Those who shifted more frequently detected more signals.

291



774 Maclean, V., Ohman, A., & I.Adlet, M. Effect% of Attention, ac.tivation .and stimulus%
regiA~ritV onl short teini 'hAbtuAtion' of the avertged evoked response. Diololi t~l

Three %udies Are reported in which the effeoi of dire~ tion tif attention, level of
activati(!n And regularity of stimulation on the rate of Amplitude dirtvment over time of thle
Auditory evoked vertex resptbnses in huimans were examined. Short-term, %timultis-by-staniiiiu
chanies were A%%ewd by averAgting acros trains% ej~th of 10 clikk stimutli. 1 hie effett tit diietting
Attention towards the stimuli was to enhance the N1 P component, but usually only' under
conditions of high Activation And with irregular stimulus presentation. 11a4bitutl~ion r'Ate WAS
hardly Affected by thle experimental mAnipulations. 1 he most clear-tut reA00ionship betWCCI
psycholo t kAl influences And the AE R was that between level of At~ Olvaion And the P2 - N2
component.

776 MacNeilAge, P. F. Changes in electroencephAlogram And other physiological measujres
during serial mental petform~ance. Psykhophyi soloaý. 1%6, 1, 344-353.

Can EEG Amplitude change% be reliated to speo.ific foment-to-moment chIArIge% InI
task performanicc? To what extent Arm LLG thnges ttl' .t~ hanges in other Indite% of
Activation? PhySiological responses were recorded from 2) Ss during 12 Alternately fast aiIJ %low

trials Of A paced Auditory serial Addition task And 3 writing trials invols Ing similar responses.
Trial-by-trial results showed that EEG Amplitude tUsually tended to Covary with Other
Physiological functions in i manner expected from Activation theory. All phy-siological level%
decreased during the session but becamne increasingly sensitive to ditfererwes in task difficultv.
Wit~lin triAl's there was %ome concordance between Alpha Amplitude levels and othei phys~iological
levels, but exceptions to this trend And further analysis Of palmar conductaote patterns suiggested
that consideration of differential sensitivities of the individual measuires to behavioral event%
might be more profitable than in activation theory Approac.h. The oifly relition between H C.
changes And specific behavioral events WAS !he tendency for alpha And beta to block during motor
r,,sponses.

776 MacNeilagC, P. F. EEG amnplitude changes during different cognitive processes
involving similar stimuli and responses, Psychophysiolog, 1966, 2, 280-286,

In order to investigate the effects on EEG Amplitude of cognitive prtke%%C' as%
distinct from direct effects of sensory stimulation And motor response. Ss were given 3 different
tasks in which the stimuli were always similar sets of spoken numbers And the responses were
Always written numbers. In response to 61 regularly occurring, r"Andlomly ordered, single-digit
numbers, 7 Ss wrote, on successive trials, (1) the sum of every 4 consacutive numbers, (2) every
4th number, and (3) every 7 And 9 heard Since the physicAl stimujli were the same and the
movemnents of response were similar for the 3 tasks, intertask pattern differences in I FIG alpha
iind beta Amplitude would presumably be due to differences in the cognitive pro~esses re'4ui1red in
the tasks. No differences due to cognitive iactors were round. All short-ternm variations in both
Alpha and beta Appeared related to widlespreCad effects of response and preparation for response.
Preresponse effects seemred related ito motor set which was distinguished from ittentional factors.
The resuilts suggest the necessity for a grcater emphAsis On Motor effects In EEC, studies.



777 Malmo, R. B. Activation A neuro-psý thologkal dimension. tULoi~,!~ Ryic%, 1959.
66, 367-396,

The ncuropsý chological dimernsion of activation may' be briefly described .As follows.
The continuum esiending from deep sleep At tile 10% Activationi end to "excited" state% At tile
high activation end is A functiton of the ;,mount of cortiLAl bombardmient by tile ARAS. such that
the greater the cortical bombardment the higher tile actnsatioe'. 'he shape of the curve relating
level of perforMncae to level of Activationl is that of in inv%;rted U: fronm low activatioti up to A
point that is optimal for A given performance or function, level of performance rises
nionotoniCAlly with inicreasiiig .tLtivati-)n level, hiut past this Optimnal point thle relation becomes
nonmonotoaic: furt'ier inlcreASe in activation beyond this point produce$ A fall in perform.'nce

level, this tall being directly related to the Amount of thle increasc Oin level of activation.

7,70 M.Arrio, R. B. Finger-sweat print% in the differentiation ofl low And high incentive.

Psychophysiolojgý, 196S. 1, 2131-240.I The differential effect of incentive on finger sweating compared With the effects on
vArcous other ph~siological measures was investigated in a group of 59 Ss. Finger sweating (FS)
appeared slightl', superior to pialmar %:on,'LictAnce (PC) mi Jot~riminating between low and highi
inci~ntivr conditions, but heart rate (HR) And muscle potent`16iaS Appealed to. be the klest of those
discriminlAtors used. Correlations between PC and v.isual ratings for FS were .65 and .b9 fur high
and lo* incentive conditions, respectively. I here %%ere numerous significant correlations between
physiological measures (At relativelf low levels), but the 2 FS m~easures correlated ornly
with PC And with eAch other. Cofrr!ations between physiological And perfornmance measures were
also0 obtained. On the I hand HR and VMGs. and on the oither PC. And FS raitings, differed with
res~pect to the intentive conditions under whWh ýign~fiCarit correlations with performance were
obtA~ned. In the main, HIR And 'LM(-s, showed signifl-zant correlations with performnIIce under
low, a~nd PC And FS ratings urnder hi~gh irotc~ntvc. Further evidence for less sweating by
dArk-skinned Ss t~ompared with light-skinned S% w~is reporied.,

779 MAlmo, R. B. Physiological gradfients And behavior. Psschologtical Bulletin, 1465, b4. ~
2 h2oog3-grd2t3a4manig.ntlatiiy hvebe fudi

skeletal-motor and Autonomic recording%, commencing with the on. et of tile behavior scquence
,ind terminating At its coniclusion, Exrerimentil evidence is presented indicating thit thewe
gradients do not signify ill#creA5,nig activation (or arousal) during the behavioral sequence (e.g.,
task or period of attentive listening). On thle contrary, the LEG( ,vidience clearly indicates that
cortical Activity remains rel. tively constant during the sequence when skeletal motoi and
cardio-respirator-, levels %how progiesiise rise. While thle gradients therefore appear not ito
represent increasing motivation during the task, there is strong evidence that the steepness of the
gradients is A function of motivational level.
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700 Malmo, R. B. Cognitite factors in impairment: A neuropsychologit-al study of divided wet.
Journal ol t- xperir.ental Psyholox , 1966, 71, 184-189.

Forty-two S-s tracking manually but expecting to shift from single (manual) to
double (manual and pedal) tracking later in the trial, did not track as well as they did with
jnified set, expecting to continue with manual tracking all through the trial. This poorer tracking
tinder the condition of divided set was not accompanie(i. however, bý any relizble physiological
changes (quantified El G in 3 frequency bands, action potentials from 5 muscles, heart rate,
respiratio,, and palmar condictance). That this absence of differences in the physiological
measurre, was no•t due to their insensitivity was demonstrated in a cortrol comparison in which
highly significant physiological differences were obtained und'.r conditions in which the
performance diff,ýrence very closely approximated that found in the comparison between divided
mnd unified set. It was concluded that the performance decrement under the condition of diviJedset was unrelated to change in ph',siologiial activation.

"761 Malmo, R. B., & Belanger, D. Related physiological and behavioral changes: What are their
determinants? In S. S. Kety, E. V. Evarts & H. I. Williams (Eds.), Sleep and altered states
of consciousness. Baltimore, Md.: Williams & Williams, 1967.

This paper will deal with various conditions which are presumed to raise and lower
"activation level." As provisional (admittedly imperfect) indicants of activation level, various
physiological measures have been used in the experiments to be described, These points will be
more clear if we look at the results of a recent experiment by Davies and Krkovic. These
investigators recorded performance on an auditory vigilance task and physiological measures over

a vigil of 1'/i hours. It may reasonably be expected that over a long period such as this, working
on a boring task, activatio:i level might decline. Their results were in the expected direction.
Level of performance and the physiological measure; of activa!ion showed concordant decline

over the vigil; and there was close correspondence betweer the central measure (EEG) and the
peripheral physiological measure, skin conductance,

Malmo recently found declining ! S levels accompanying performance decremeni

late in a long session of tracking. In addition tu palmar conductance, respiration and heart rate
also showed significant decline late in the session. Although mean change in EEG alpha amplitude
was in the same direction as t10at reported by Davies and Krkovic it was very small and

statistically insignificant. One of five electromyographic (EMG) placements, that for the left leg,
showed significant decrease in muscle tension. It therefore appeared that "peripheral" measures in
this study were actually more sensitive than EEG measures in reflecting ch.inge in the "tonic"
background accompanying the change in performance.
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782 Mslmo, R, B., & Davis, J. Physiological gradienti as indicants of "arousal" in mirror
tracing- Canadian journal of Psycholoky, 1956, 10, 231-238.

Previous studies from our laboratory and elsewhere suggest that EMG gradients may
serve as indicants of Jri\e or "arousal." The present study sought to determine whether similar
gradients appear in autonomic functions such as heart rate and blood pressure, and, if so, whether
such gradients correlate significantly with EMG gradients and with level of performance.

Forty-three subjects traced a circle viewed in a mirror. There were eight trials, each
consisting of four traversals of the circle. Physiological measures recorded were: heart rate, blood
pressure, respiration, EMGs from flexor and extensor muscles of the right arm, EMGs from the
forehead.

All physiological functions yielded significant gradients; autonomic gradients were
significantly correlated with EMG gradients; and the fd,;Iowing [1, .:olo';..al measures were
reliably correlated with speed of performance: EMG (extensor). heart ra,., and blood pressure. It
was concluded that "arousal-related" gradients are not confined :- .,e skeletl-moto" system.

'781,4 Malmo, R. B., & Surwillo, W. Vv. Sleep deprivation: Changes in performance and
physiological indicants of activation. Psychological Monographs: Gencral and ApiJi.ed,
1960, 74 (15, Whole No. 502).

Three separate 60-hour vigils were held with each of three healthy young male Ss.
During each vigil, 10 1-hour recording sessions were held several hours apart. In each session the
following measurements were recorded continuously while the S was performing on a tracking
task with 5-min trials and 1-min rests: EEG, EMGs from various muscles, respiration, palmar
conductance, and heart rate.

Main findings were that in all three Ss, palmar conductance and respiration showed a
statistically reliable increase, and 8-12 cps EEG a reliable decrease in amplitude. Heart rate was
reliably increased in two of the three Ss, (though reliably decreased in the tihird S). In addition,
each S showed reliably increased muscle tension in only one muscle group (a different ore in
each S ).

On the whole the data strongly supported the conclusion that sleep deprivation had
the effect of inci -,sing level of activation. In this respect the present investigation appeared to be
different from c-fctain other investigations of sleep deprivation in which conditions were not
sufficiently alerting to prevent the Ss from drifting toward sleep. With the overall indication of
increasing activation from the peripheral measures, the fall in 8-12 cps EEG was interpreted as
also indicative of increasing activation, and not as drift toward sleep.

Under conditions of this investigation, increased muscle tension appeared to be
localized in one muscle group rather than generalized over the entire body. In fact, tension in
some parts of the body actually fell progressively during the vigil.

It a, seared that the special conditions of the tracking sessions were particularly
conducive to thi. appeacance of hallucinatory experiences.

295



784 Maltzman, I., & Raskin, D. Effects of individual differences in the orienting reflex on
conditioning and complex processes. lourna of Experimental Research in Prs~i ,
1965,1, 1-16.

Characteristics of the orienting reflex (OR) derived from descriptions of research

an. theory in the Soviet Union were briefly enumerated. A series of experiments in semantic
conditioning, paired-association learning, and "attention" were described. Those Ss with
r1clatively large ORs, as compared with those with relatively small ORs, showed better semantic
conditioning of autonomic responses, more readily verbalized the experimental contingencies,
were superior in paired-associate learning, and showed greater differential responsivity to signals.

Measures of the OR did not relate to performanr.e in the manner predicted by
conceiving of it as a drive condition. It was asserted that effects of the OR correspond to an
aspect of what in consciousness-centered psychologies has been described as "attention". It was
further asserted that elicitation of an OR constitutes a reinforcing state of affairs. Implications of
the concept of OR were indicated for a number of problems involving stimulus change and also
for personality theory.

765 Mann, H., Poppel, E., & Rutenfranz, I. Untersuchungen zur tagesperiodik der reaktionszeit
bei nachtarbeit. IIl. Wechselbeziehungen zwischen korpertemperatur und reaktionszeit.
[Circadian rhythm of reaction time during night work. Ill. Correlations between body
temperature and reaction time.j Inteinationales Archly fur Arbeitsmedizin, 1972, 29,
269-284.

Body temperature and reaction time were investigated in 7 subjects during 5 periods
of investigation. Simultaneous measurements of both variables were taken every 4 hrs. In each
period of investigation body temperature and reaction time showed clear 24 hr-rhythms. During
the course of the day reaction time decreased when body temperature increased and vise versa.
There was a significant negative correlation of all pairs of data of both variables which were
measured at different times of the day. No significant correlation between body temperature and
reaction time was obtained when values of the same time of day from several days or average
values from successive days were compared.

It is concluded that the negative correlation of body temperature and reaction timeis based on the phase-relationship of their circadian rhythms and not on a direct causal
connection. Therefore, body temperature cannot be regarded as an indicator of performance.

766 Mann, H., Rutenfranz, J., & Aschoff, J. Untersuchungen zur tagesperiodik der reaktionszeit
bei nachtarbeit. I. Die phasenlage des positiven scheitelwertes und einflusse des schlafs auf
die schwingungsbreite. I Circadian rhythn'i of reaction time during night work. I. Phase of
maximum and influences of sleep on range of os illation.] Internationales Archiv fur
Arbeitsmedizin, 1972, 29, 159-174.

Multiple-choice reaction time was investigated in 12 subjects on 31 days during 5
1-week periods on 4-hr intervals. All subjects exhibited diurnal variations of reaction tim!.
The phase-relationship between circadian rhythm of reaction time was constant with regard to
the time of day and circadian rhythm of body temperature. Reaction time at 24.00 and 04.00
o'clock was longer than during day time. Reaction time at night additionally was dependent on
the duration of the preceding period of sleep or wakefulness. Reaction time was the longer the
shorter the preceding time of sleep. Hereby range of oscillation of circadian rhythm of reaction
time was modified but the periodicity was not abolished. It is concluded that reaction time
represents a measure of a circadian rhythm of performance which is modified but not caused by
sleep.
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787 Marishchuk, V. L., & Kuznetsov, R. V. [Changes in some psychological indices under
conditions of fatigue.I (Russ) Vopros Psikhologii, 1973, 19,118-121.

Studied changes in a number of psychophysiological indices as a function of fatigue.
One group of Ss performed a vigilance task involving motor components of a very high degree of
precision. Another group drove automobiles over a difficul, cretch of road for 5 days. A large
number of psychological tests, measures of motor performance, and physiological measures were
taken before, duringanJ after the task. It is concluded that if a set to perform a certain task is
maintained, then under conditions of fatigue, changes in a series of psychological, physiological,
and psychophysiological indices occur selectively and in accordance with the set, e.g., more
skillful performance is observed on a test immediately after the exercise of the skill than before
or after. :f a set is absent, only random changes occur. In both cases the range of changes is
related to maintaining a balance of the functional possibilities of the organism, i.e., the changes
take place within the range of the organism's functional reserves.

7w Markhasina, L., & Oranskiy, I. Chastota serdechnol deyatel'nosti i yee periodicheskie
sostavlyayushchie u lyudel umstvennogo truda v protsesse proizvodstvennol deyatel 'nosti.
[Periodic components of heart rate during mental work. I Activitas Nervosa Superior, 1971,1, 47-50.

The authors correlate heart rate changes in the cowsu ot the working day with the
dominance of the sympathetic or parasympathetic system. Under normotonic conditions, the
periodicity identified on the autocorrelation curve corresponds with the frequency of 3rd and
4th order waves. A rapid damping of the autocorrelation curve indicates sympathicotony,
whereas parasympathicony is accompanied by a respiratory periodicity.

Mea,-urement by a pulsimeter during mental activity will give highly contradictory
results which, according to Vinogradov, are related to the character, intensity and duration of the
work. A reduction is noted in the pulse rate of adding machine operators, engineers and
technicians;an increase is noted in translators and television operators. The present work is a
study of the effects of mental work on cardiac cycle duration and its periodicity for people in the
engineering profession.
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7S Marsh, G. R., Poon, L. W., & Thcmpson, L. W. Some relationships between CNV, P300,
and task demands. In W. C. McCallum and 1. R. Knott (Eds.), TS responsive brain.
Proceedings of the Third International Congress on Event-Related Siow Potentials of the
Brain. Bristol, England, 1973. Bristol: John Wright, 1976.

Much of the work in CNV correlates has not emerged from a strong theoretical
background. To some extent the same claimcould be made for research in P300 correlates.
However there exist models from other areas that might be used with some t'tility. Borrowing
from the animal literature, a model has been developed for a brain mechanism controlling
attention in the cat and monkey (Gerbrandt et al., 1970; Pribram, 1969, 1970). Specifically,
fro-ital cortical areas were seen to influence the animal toward sampling his env,ronment rapidly
but with the sampling re'tricted to a small area of interest. The temporal-parietal area was seen as
an opposite influence, moving the animal toward sampling less often from a widened field from
which information was extracted and integrated. The major-ty of CNV experiments were done
using one of the standaid RT formats, seemingly biasing Ss into the type of set thiat was
hypothesized to be induced by frontal cortex activity. Thus, if the CNV is a sign of increased
activity, one would .expect to see CNVs over the frontal areas during the peiriod from the warning
signal to the imperative stimulus. Correspondingly, wh.,, turned toward more cognitive tasks the
parietal areas should show more CNV activity. Our results from the first experiment give partial
support to these speculations since greater activit' was seen in the parietal area during problem
solving than during overtraining. However, changing to an 7T task did not el"'it the grcatest
amount of activity from the frontal regions, but rather from C z . this may be duc to the
addition of a readiness component in some areas (Otto and Leifer, 1972a, b), or that even the
small cognitive component of whether to respond or not might excite some pot*erior activity.

790 Marsh, G. R., & Thompson, L. W. Effect of verbal and non-verbal psychological set on
h e m i s p h e r ic a symmetries in the CNV. Dectroenc phal gra.h .in.Qh nid . l
Neurophysiolor 7 , 1973, Supplement 2 195.200.

The data seem to indicate that a psychological set for verbal or spatial perception

can lead to asymmetric bloelectric phenomena, and that the extent of the asymmetiy may be
predictive of the ensuing perceptual performance.

791 Marshall, W. S. Ill. The effect of an external audio ikna oIn vigilance verformance and
physiolopical parameters. Monterey, California: Naval Postgraduate School, April 1970.
(NTIS NO. AD-709088)

This research was performed to determine the effect of an eAternal audio signal on
visual monitoring performance and any associated changes in physiological parameters of the
subjects. The number of correct detections, the number of commissive errors, skin temperature,
and skin resistance were recorded throughout the experiment. A two way nested analysis of
variance showed that the application of the audio signal did not have a significant effect on the
vigilance decrement. The same type of analysis was used to show that :ne audio signal did not
have a significant effect on the physiological parameters measured in the experimental group.
Over all experimental groups, skin resistance and skin temperature did change, but the changes
were not unique to any given experimental condition. Multiple correlation analyses of the data
indicated a high degree of complex interaction between the physiol.gical parameters measured
and the vigilance detection decrement.
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702 Martin, i. Discriminaton/ GSRs. ALftivLt eroLa Superior, 1965, 7, 217-223.

A study of effect of discrimination schedule on GSR frequency and ampliude and
of the effect of informative vs. noninformative instructions. Early in the schedule appeared
significant discrimination to positive and negative stimuli. GSR conditioning may refer not to
acquisition process, but to the maintenance of higher level of responding to the positive
conditioned stimulus,,

703 Martin, V. E., & Weber, A. Wirkungen eintonigrepetitfver Tatigkeiten auf das subjektive
Befinden und die Flimmer-verscnmelzungs-Frequenz. [The effects of monotonous
repetitivc activities on subjective condition and on the critical fusion frequency.)
Zeitschrift fur Arbeltswissenschaft, 1976, U.Q, 183-187.

A brief neurophysiological and psychological presentation of the reasons for
monotony Is giveni.

The test series described evaluated the effects of a monotonous repetitive activity
on subjective condition and on the critical fusion frequency (CFF) under experimental
conditions.

The results from 25 (35) subjects show a significant decrease in CFF (1.7 Hz) and a
significant deterioration in the subjective condition in the sense of a decrease in motivation and
ability to act.

The decrease in CFF and the change in subjective condition are interpreted as a
decrease in activation of the central nervous system.

No significant intra-individual correlation could be found between the decrease in

CFF and %he deterioration of the subjective condition.

In a control experiment, which used lively tasks, the results showed no change in
CFF or subjective condition.

J
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794 Martin, W. B., Viglione, S. S., Jof-nson, L. C., & Naitoh, P. Pattern recognition of EEG to
determine level of alertness. Electroei-,"phalography and Clinical Neurophysiology, 1971,
30, 163. (Abstract)

Recognition systems have been designed for a single subject and for co: ýposite data
taken from 6 subjects. Sleep-stage scoring systems designed ont in~dividual subjects and used to
classify other recordings from the same subject achieved 81% agieement with manual scoring.
Those systems designed on composite data achieved 75% agreement with manual scoring. Awake
and stage 4 had the highest per cent of agreement and -tages I and 3 the lowest.

Detectors for known properties of certain sleep stages such as spindles and K
complexes have also been investigated as potential inputs to the pattern recognition system. The
spindles are detected by performing a Fourier transform on overlapping 4 sec epochs and
comparing the energy in the sigma band with energy in the same band over a 30 sec interval. A
peak .and-valley detector to measitre the major parameters of the K complex correctly detected
76% of the K complexes over a 4 h period which included all stages of sleep.

The energ) in selected frequency bands was computed as an additional indicator of
sleep stage. Preliminary findings indicate that delta activity may be the most important input for
sleep staging.All night plots of delta activity revealed a cyclic pattern with a smooth build-up of
intensity through stages 2, 3, and 4 with an abrupt decline as the subject entered REM sleep. The
amplitude of each cycle decreased as sleep progressed. Spindle intensity was highest in stage 2,
decreased during stages 3 and 4 and spindles were absent during REM sleep.

795 Marum, K. D., Macintyre, J., & Armstrong, R. Heart-rate conditioning, time estimation,
and arousal level: Exploratory study. Perceptual and Motor Skills 1972, 34, 244.

A trend analysis of relative heart-rate measures, (EEG-Basal)/Basal, showed an
overall difference in the heart-rate levels over the six periods (p =- .05). By a method of multiple
comparisons the metronome control was associated with the significantly highest heart rate.
Although a trend analysis of time judgment data was not significant, the shortest judgment
occurred during the metronome-control conditioning, suggesting that higher heart rates are
associated with briefer time judgments.

796 Maspfuhl, B., & Metz, A. Veranderungen im elektromyogramm bei der beurteilung
perzeptiver muster unterschiedlicher schwierigkeit. IChanges in the electromyogram in
diagnosing perceptive patterns of differentiated difficulty.] Zeitschrift fur Psychologie,
1970, 177, 286-309.

The changes in the production process caused by increasing automation and
mechanization result in changing occupational demands on the individual. The proportion of
monitoring and controlling activities is increasingat the expense of purely physical demai-d. The
absence of scientific methods for determining the extent of mental activity and of standards for
optimum load levels makes it urgent to study mental activity on the basis of objective indicators.
The fact that such mental processes can be determined indirectly via physiological phenomena
has been demonstrated empirically; the lack of uniformity in the results currently permits no
conclusions to be drawn concerning the nature of the relationship. Such basic questions must be
answered in systematic research.

Starting with empirically determined relationships, our study was specifically
designed for' analysis of the relationship between cognitive demands, in the form of assessments of
perceptive patterns of differentiated difficulty, and the duration of elevated muscle tone during
CNS processing of the stimulus.
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707 Mathews, A. M., & Lader, M. H. An evaluation of forearm blood flow as a
psychophysiological measure. Aschohsolgy,l 19 71, .§, 509-524.

Investigated the usefulness of forearm blood flow (FBF) as a psychophysiological
measure by comparing changes occurring during mental tasks in cardiovascular, sudomotor, and
EMG measures, using 11 male and 9 female 24-48 yr old Ss. The measures were divided into
those clearly physiologically Independent and those physiologically related. Analysis of variance
results show that FBF, heart rate (HR), and skin conductance fluctuations (SCF) are equally
reactive; correlational analysis suggests that a close relationship exists betweeai FBF, HR, and
SCF, although correlations fall to nezr 0 levels when intraindividual correlations were calculated
with between task variance extracted. For some experimental purposes HR response may be
considered equivalent to FBF response. The relatinship between EMG and FBF was more
variable, and tends not to support the idea that FBF is an indirect measure of muscle activity.
The reliability of FBF in normal subjects at rest was poor, although it improved when measured
during a simple task, and is probably stable enough for most experimental purposes.

706 Matova, M. A. (Psychological stability of an operator with dual functions.I (In Russian)
Voprosy Psikhol2i, 1972, ]L 30-37.

Studied performance and physiological correlates of operators under conditions of
information overload, response constraints, and auditory noise while simultaneously executing 2
different tasks. Of the 31 Ss tested, 13 failed to perform adequately. Pulse rate differences
between the successful and unsuccessful operators were present but were not significant; GSR
amplitude differences were significant (p <.05), and successful Ss used significantly more visual
fixation shifts than did unsuccessful Ss. Subjective evaluation of task difficulty and individual
differences in physiological response were related to performance.

799 Matsumiya, Y., Tagliasco, V., Lombroso, C. T., & Goodglass, H. Auditory evoked
response: Meaningfulness of stimuli and interhemispheric asymmetry. Science 1972, IM
790-792.

Interhemispheric asymmetries of different magnitudes were observed in human
cortical auditory evoked responses to speech and sound-effect stimuli. The wave with peak
asymmetry occurred 100 milliseconds after signal onset. The amount of asynmmetry of the
amplitude of this wave was related to the meaningfulness to the subject of the auditory stimulus
rather than to the mere use of verbal versus nor-verbal materials.

UOO McAdam, D. W. Changes in somato-sensory evoked potentials during the contingent
negative variation (CNV). Electtoencephaloitraph, and Clinical Neurophysiologv 1968,
24, 286. (Abstract)

Except for the first and last components, averaged EP amplitudes were smaller
during tones than during intertrials for both groups. There wtre statistically significant latency
shifts for the late EP components (those between 200 and 400 msec), peaks occurring earlier
during the CNV than during the intertrial. No such latency shifts were seen in the tone control
group. Measurement of background activity upon which the shocks were given showed no
significant difference in "EEG activation level" between the two contingencies.

These results are interpreted as providing evidence in support of the hypothesis that
the CNV is accompanied by heightened neural excitability.
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eai McAdam, D. W. The contingent negative variations. In R. F. Thompson & M. M. Patterson
(Eds.), Bloelectric recordin' techninues. New York: Academic Press, 1974.

In the early stages of investigation of contingent negative variations, and even today,
there has been a tendency for each group of investigators to adopt and to key on some
psychological construct as being of singular importance in determining the development of these
potentials. Among the candidates we find "expectancy" from the Bristol group (e.g., Walter et
al., 1964), "conatlon" from the Texa% group (e.g., Low, Borda, Frost, & Kellaway, 1966),
"mutivatton" from the Iowa group (e.g., Irwin, Knott, McA'4am & Rebert, 1966), and"attention" from the Boston group (e.g., Tecce & Scheff, 1969). While the heuristic value of
these beliefs is very high, and while their usefulness as a sort of intuitive shorthand cannot be
denied; I submit that this exhausts their list of good qualities; all else is detrimental to the growthof our knowledge. The solution to trhe problem is, I believe, an observable one. If we will speak
about stimuli, responses (including subjective ones), and contingencies, we will be using terms
which are precise and which are readily understood by all. And the chips will fall where they
should.

M0Q McAdam, D. W., Irwin, D. A., Rebert, C. S., & Knott, J. k. Conative control of the
contingent negative variation. ElectroencephaloxraPhv and Cl',ical Neurophysiology,
1966, 21, 194-195.

Experiments are described in which experimenter-subjects were able to control the
amplitude of the contingtent negative variation "at will". It is urged that any investigations of the
psychological correlates of the CNV which make use of "trained observers" should be interpreted
with this possible source of bias in mind, and replicated, where feasible, using unbiased, naive
subjects.

WO3 McAdam, D. W., Knott, J. R., & Rebert, C. ,5. Cortical slow pcrtential changes in man
related to inter-timulus interval and to pre.trial prediction of interstimulus interval.
Psychophysioln., 1969,5 349-358.

Two expefriments were performed to explore further the relationship between the
cortical slow potential change known as the "contingent negative variation" (CNV) and the
concept of "expectancy".

In Experiment I, 24 male Ss were presented click pairs, with inter-click intervals of
800, 1600 and 4800 msec (2 blocks of 10 trials each, counterbalanced between Ss for order), and
instructed to press a key after the second click. Interval by order by trials analysis of variance
showed interval to be the only significant factor: CNVs were lower and RTs longer as interval
increased.

In Experiment 11, 8 female Ss given 60 pairs of clicks, 30 each with separations of 1200
"and 2400 msec, were instructed to respond as in Experiment I, and were asked to make a pretrial
prediction of the interval they would next receive. Analysis of variance of RTs showed that Ss
responded slower when the interval was other than that predicted. Prediction by reception by
subjects analysis of variance of CNV amplitude at the 1200 msec point gave a signifiant F only
for prediction, '. ,an amplitude for short being higher than for .qog. A similar desigi, applied to
CNV amplitudes at both the 1200 and 2400 msec points when Ss received the Igj, interval
yielded a significant measurement point by interval predicted interaction; at the 1200 msec point,
short predictions were followed by higher CNVs than were lon= predictions; at 2400 msec, the
opposite was found.
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These data combine with those already iii the literature to indicate that the
relationship between "expectancy" and the CNV is far from simple, and that cognitive and
motivational factors play a significant role in determining CNV amplitude.

64 McAdam, D. W., & Rubin, E. H. Readiness potential, vertex positive wave, contingent
negative vzriatlon and accuracy of perception. Electroencephalopraphy and Clinical
Neurophysiolo.., 1971,,U, 511-517. -

The readiness potential (RP), contingent negative variation (CNV) and vertex
positive wave (P302) were recorded in a situation where subjects were asked to present
themselves with brief visua: stimuli, to attempt to perceive thcm correctly and subsequently, on
cue, to report their perceptions. The results show that the RP preceding the button press leading
to the presentation of the stimulus was a reliable index of the neurzl events associated with
subsequent correct or incorrect perception. P302, although showing clear localization at the
vertex, was not reliably correlated with the behavioral response. The CNV was shown to be
related in this situation to motivation/expectancy/attention factors following the perception and
preceding the report. These results are discussed in relation to other work with these phenomena,
and the conclusion is orawn that the RP and the CNV reflect common underlying neural I
processes when both are studied in complex (global) psychological situations.

WO McAdam, D. W., & Seales, D. M. Bereitschaftspotential enhancemert with increased level
of motivation. Electroencephalohraphy and Clinical Neurophysiology, 1969, 27, 73-75.

Bereitschaftspotentials (BSPs) were taken from scalp electrodes overlying the left
and right Rolandic areas of eleven human subjects under two condi'ions, baseline (where
responses resulted in no reward) and reward (where "correct" responses resulted in monetary
reward). BSP ampl!tudes were significantly larger under reward than under baseline condition,
and were significantly larger over the hemisphere contralateral to the responding hand for both
conditions. No interaction between conditions and locations was found. These results ;;-- taken
as evidence showing some common neural and behavioral substrates for the BSP and the ,, shift
knowti as the Contingent Negative Variation.

SO McAdam, D. W., & Whitaker, H. A. Language production: Electroencephalographic
localization in the normal human brain. Science, 1971,172, 499.502.

Slow negative potent;als, which are at a maximum over Broca's area in the left
hemisphere, were recorded when normal subjects spontaneously produced polysyllabic words.
Bilaterally symmetrical potentials were seen with analogous, nonspeech control gestures. These
potentials began up to 1 second before word or gesture articulation. These results are the first
demonstration of localization of language production in normal human brain. j

607 McCallum, C. New waves in the br-in. New Scientist, 1967, 36, 592-594.

The discovery of a measurable electrical signal from the brain that can b3 linked to a
subjective mental state--apparently an ability to "attend" -- has tremendous implications for
psychiatry and neurophysiology. It may even one day allow direct mental communication with
computers.
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O McCallum, C. "he contingent negaive variation as a cortical sign of attention in man. In C.
R. Evans and T. B. Mulholland (ads.), Attention ijDn hysil j y. London:
Butterworths, 1969

The evidence presented, both from patients and non-patients, strongly suggests that
the CNV nas a oelatiosnship to what at the psychological level we are pleased to call attention. It
further suggests that changes in amplitude and form of the CNV are closely related to
moment-to-moment changes in the focus of what for want of a better expression one must term
'conscious attention'. While such expressions may give rise to shudders and apprehension among
many psychologists it has to be faced that concepts such as attention, distraction and concentration
stretch our facilities for objective behavioural assessment to the limit. They raise problems with
regard both to the quality and the quantity of the experience. At some point in our experiments
w- are obliged to realize that we are dealing neither with a black-box nor with an animal devoid
of speech. Our subjects are human beings capable, in va~yirig degrees, of communicating at least
some aspects of their subjective experience. Psychologists tend, by their training, to be reluctait
to admit such evidence. They are haunted by visions of the long and hard-fought battles of their
distinguished predecessors to eradicate the metaphysical, the introspective and that which is not
readily quatitifiable. They are understandibly anxious not to throw away the victory.
Nevertheless, without the admission of some subjecive evidence we could not, for example, have
learned of some of our subjects' morse code interpretations of the distracting tones, nor of the
preoccupation cr others with pIýrsonal problems during the experiments.

609 McCallum, W. C. Brain slow potential changes and motor response in a vigilance situation.
In W. C. McCallum and J. R. Knott (Eds.),T.he re[ponsive brain. Proceedings of the Third
International Congress on Event-Related Slow Potentials of the Brain. Bristol, England,
1973. Bristol: John Wright, 1976.

Twenty-seven normai Ss disp!ayed slow potential changes during a vigilan.-e task.
When required to respond to the occufrence of three o•dd numbers in a continuously changing !

single digit seqluence, small negative slow putential shifts followed the occurrence of one )dd
number and larger ý')ifts follcwed two odd numbers. Irreevant clicks introduced during high
vigilarce conditions and resti~i- control cornditic,ns elited evo.ked potentials which were not
significantly c;f.erent from or,, another.

s10 McCa.•llum, W. C., & Papakostopoulos, D. The CN"1 and reactikn time in situations of
increasing complexity. Electroecephaiography aLd Clinical Neurophvsiology, 1973,
Suar iemyent 33, 179-185.

Iii a [oreperiod ,cdo" time experi,',ent involving successive stages of increasing
task cornple;ýity oo co(.sistent relationship between CNV anu RT was found. Correlations
between measures of 1N%.'' ',ased on amplitude and tt.ose based on an integral measurement were
consistently of the order of 0.8 A human individual differences factor appeared to be reflected in
variations if the CNV amplitude associated with increasing task complew ity.
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Oil MCCallum, W. C., & Waller, W. G. The differential effects of distraction on the contingent
negative variation in normal subjects and psychiatric patients. Elecirreo rand
Clinicai Neurophysioloxy, 1968, 24, 593. (Abstract)

The effect of simple distraction on the contingerit negative variation (CNV) was
studied in 45 chronic neurotic patients, 20 schizophrenic patients and 41 non-patient control
subjects, using an automatic averaging technique. Basic CNV levels were established, using paired
click and flicker stimuli. Distraction was then introduced in the form of an irregular tone
stimulus presented betwern trials. Both high anxiety neurotic patients and schizophrenics
show-ddasignificantly lower basic CNV than the non-patient controls. This difference was
considerably accentuated in the distraction condition, the CNV showing a small reduction in
amplitude in the non-patient controls and a very marked reduction, amounting in over half of the
cases to its complete abolition, in the two patient groups. Significant correlations were found
between the amplitude of the CNV in the distraction condition and neuroticism scores as
measured by the Middlesex Hospital Questionnaire (Crown and Crisp, Brit. J.. Psychiat., 1966,

* 112: 917), the highest correlations being with the I -tors of anxiety, obsessionalism and
depression. Control experiments involving more varied foi ins of distraction were carried out on
12 non-patient subjects.

The results are interpreted as indicating a relationsibip between the CNV and
attention. The distraction effects suggest that the CNV may prove a usceul diagnostic aid in
psychiatry.

812 McCallum, W. C., & Walter, W. G. ,he effects of aotention and distraction on the
contingent negative variation in normal and neurotic subjects. Electroetcephalogravhv and
Clinical Neurophvsiol_ &, 1968, 25, 319-329.

In Experiment I the effect of simple distracti,'n on the CNV was studied, using an
automatic averaging technique, in forty chronic neurotic pftients and forty lion-patient control
subjects. Basic CNV levels were established, the stimuli employed being paired Click and Flicker.
DL;action was then introduced in the form of an irregular tone stimulus presented between
trials. The high anxiety patient group showed a significantly smaller basic CNV than the
non-patient controls. Both groups showed a significant reduction in CNV amplitude ill the

distracting condition. Reduction in the case of the patients was on the average 80% and in the case of
the controls 30%.

Experiment II investigated, in twelve non-•atient subjects, the effects on the CNV of
more complex forms of distraction and of voluntary concentration. The various forms of
distraction were accompanied by reduction in the amplitude of the CNV. The results suggested
that the extent of the reduction was related to the degree of attention focused on the distracting
stimuli as opposed to the stimuli directly relevant to the experimei0tal task. When a conditional
or warning stimulus was itself made intrinsic.ally interestintg, and therebc dis ,tcting, reduction in
amplitude and changes in the latency of the CNV suggested division of attention between the
intrinsic and imperative aspects of the stimulus. Concentration resulted in a small increase in the
amplitude of the CNV.
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4i3 McCanne, T. R., & Sandman, C. A. Instrumental heart rate responses and visual
perception: A preliminary study. P byxli2Iig, 1974, U, 283.287.

Trained S male undergraduates to raise and lower their heart rates (FIRs) over a
number of operant conditioning sessions. Geometric forms were superimposed upon the
conditioned stimuli during the final operant training session. For the conditioninig trials, Ss
detected significantly more tachistoscopic stimulidurlngHR deceleration trials thAn during HR
acceleration trials. During extinction trials, there were no differences in tachistoscopic
recognition between acelerrAtion and deceleration trials. Results are discussed iii term% of J. I.
Lacey's hypothesis con.erning the instrumental effect of HR change on environmental attention

014 McCarthy, G., & Doncnin, E. The effects of temporal and evwnt uncertainty in determi.iing
the waveforms of the ,iuditory event related potential (ERP)., b hoplbsagl y, 1976,.U,
581.590.

In each of two experimental conditions, subjects were presented with a series ot
tones, one of two tones (1500 Hz or 1000 Hz) was presented on each trial with a •iubAbility
respectively of .10 or .90. The subjects counted the rare (p=.10) tones, such &oiuntcd ,are tones
are normally associated with a lirge P300 component.

The two conditions differed in that in one the tones were triggered by the subject's
button press, in the other the tones were triggered by computer. Schafer and Marcus(1973)
reported that all the components of event-related potentials (ERPs) elicited by self-triggered
tones were substantially smaller than those elicited by machine-triggered stimuli. Our paradigm
allowed a detailed assessment of the effects of self-stimulation on specific ERP components as
well as the interaction of temporal with event uncertainty.

Data were analyzed using a Principal Compor.-nts technique. Both temporal and
event uncertainty appeared to augment a negative component of the ERP with approximately
140 msec latency. Suich effects, however, were confounded by the presence of slow negative
potentials preceding the button press in the self-stimulation conditions. As expected, the P300
component was largest for the ERPs elicited by the rare tones. Temporal uncertainty diminished
the amplitude of P300 at central electrode sites. A large slow wave was present following P300;
its anterior-posterior distribution was altered by mode of stimulus presentation. It appears that
temporal and event uncertainty have distinct effects upon the morphology and distribution of
E RP components.
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S6McCarthy, G., & Donchin, E. DlI&oci&. ing the components of the CNV in a visual matching
task. hychoohygvi y. 1977, 14, 95-90. (Abstract)

Ten subjects were required to match two of three line figures exposed for 50 msec.
Two types of matches could be made for each slide: matches of functionally related figures, and
matches of structural similarity. A tone burst preceded each slide by 1000 msec. In fixed mode
matching, the subject performed the same type of match (structural or functional) for all slides in
the series. In mixed matching, the frequency of the tone (1000 Hz or 2000 Hz) indicated which
type of match the subject was to make. The subject indicated the choice as quickly as possible
following the slide. An additional condition of a simple response toaneutral slide was also
included.

Ten channels of EEG as well as EOG were recorded and digitized at a rate of 100
samples/sec over a 2560 sec epoch beginning 360 msec prior to the tone. The effects of matching
mode (fixed or mixed)) and matching type (structural or functional) on the waefnrm and scalp
distribution of the contingent negative variation (CNV) elicited in the zone-slide interval were
evaluated using a Principal Components technique.

Two components were extracted from the CNV region: one peakind 400-600 msec
after the tone; the other peaking at the slide preser'vition. The first component altered its
anterior-posterior distribution ai a function of matching mode. When the tone provided no
specific match information, this component exhibited negative polarity maximal at F z . When the
ione provided task relevant information, this componeit bI:a'ne positive in the parietals while
remaining negative frontally. The alterations in this component greatly changed the apparent
CNV distribution. Ramp shaped and r%-ctangular CNVs could be simultaneously obtained from
different electrode sites.

The second component exhibited maximal negativity centrally. Interhemispheric
asymmetries were nnted for this component in all experimental conditions (in all cases, left
hemisphere more negative than right hemisphere). However, the degree of asymmetry was largest
for the mixed matching condition.

1O6 McDonald, R. D. 5 fronto-occipital potentials Ene 1 category, and laboratory
performance (HumRRO Professional Paper 17-69). Alexandria, Va.: Human Resources
Research Office, May 1969.

Laboratory performance tasks were individually administered to 120 pre-basic
trainees selected on the basis of AFQT classification. Concurrent with performance on some of
these tasks, slow biopotentials (my) were recorded from the fro, tal and occipital emissary vein
distributions on the midline scalp and were displayed on 3 Type R Dynograph. On other tasks,
biopotentials were noi recorded, and eo'ch trainee did not take every task. Assignment Gf trainees
to a particular task was representative with respect to Mental Category. Tasks included paper and
pencil questionnaires, visual search. simple serial reaction time, visual vigilance, perceived illusion
change, and simple arithmetic rea.jning.

Variations in this biopotential were compared with performance changes during
some of these tasks to dotermine the possible significance of this measure as a physiological
correlate of alertness. TheseC biopotentials were also examined independently with respect to their
abilitý tu predki: perfom ' "i•1 rsme of the above tasks.

307



No consistent relationships were found between the fronto-occipital potential, in
terms of absolute viwltage or polarity drift (positive or negative shifts), and ongoing performance
during the vigilance ta'k, the illssiorn change task, the reaction time task, or the arithmetic
reasoning task. I his potential, at leist as measured in this study, is rnot useful as an index of
-itentiveness-variati, 1 during ongoing ,ciformance. Comparable task performance occurred
between traneest'5 e,. ted on the basi% ,) exireme fronto-occipital potential differences. These
data indicate that this potential has no predictive value in terms of task performance.

0SI McHugh, W. B., Brictson, C. A. & Naitoh, P. Emotional aid biochemical effects of high
work-load. In A. N. Nicholson (Ed.), Simulation and study of high %orkload operations.
AGARD Conference Proceedings No. 146, 1974. (Available from: National Aeronautics
Space Administration, Langley Field Virginia 23365; Attn: Rep,)rt Distribution and
Storage Unit)

A preliminary longitudinal multifactorial study of the interrelationships of
biochemical, mood, biographical factors and Iinding performance under high :.ork load
conditions has been Larried out with U. S. Naval Aviators. L:, ,'els of serum cholesterol, ser;!m uric
acid, olood lactat, pyruvate, and mood assessments were made during periods of nun-flyirng
activity and during periods of increased cumulative work load. Uric acid values fell during
n,,derate cumulative work load,and cholesterol values fell during high cumulative work load.
Increased variability of pyruvate and lactate were noted with ircreased cumulative work load.
Increased cumulative work load did not affect emotions or performance but altered mood
association patterns and altered the relationships of mood and performance. Experience was
correlated with performance under zero cumulative work load conditions. Emotion correlated
with performance under high cumulative work load conditions.

a16 McKee, G., Humphrey, B_, & McAAdam, D. W. Scaled lateralization of alpha activity during
linguistic and wti'usical tasks. Psychophysioloyy, 1973, 10, 441-443.

Studied relative bilateral alpha activiiý over temporal-parietal sites in 4 normal
undergraduates while they were engaged in either a musical task or 1 of 3 linguistic tasks of
varying difficulty. Left-right alpha ratios were highest for the musical task and tended to decrease
progressively with increasingly difficult linguistic tasks.

B10 McNulty, J. A., & Noseworthy, W. J. Physiological response specificity, arousal,and task
performance. Perceptual & Motor Skills, 1966, 23, 987-996.

Two groups of 25 Ss were given 3 different tasks to perform: (1) a verbal
paired-associate learning task, (2) a pursuit rotor task, and (3) a finger dexterity task. One group
performed the tasks under high arousal (electric shock) and the othcr under low arousal (no
shtck). A number of physiological measures, including muscle tension, heart rate, skin resistance,
and blood pressure, were also recorded. Ca the basis or these physiological measures, each S was
classified according to the physiological function in which he showed the greatest relative activii'
over the 3 tasks. This was done in order to determine whether S's most active physiological inde,
was related in any systematic way to his task performance. Results showed that neither arousal
condition nor most active index was related to performance on the verbal learning task. On the 2
motor tasks, however, performance was, in general, better under high than under low are isal, and,
in addition, varied wit' S's most active physiological index. It appears, therefore, that S's typica:
mode of channeling activation may influence his performance on certain tasks.
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820 McRuer, D. T., Magdaleno, R. E., & Moore, G. P. A neuromuscular actuation system
model. IEEE Transactions on Man-Machine Systems, 1968, MMS-__9, 61-71.

Reviews physiological and human-operator data and presents a simple
neuromuscular actuation system model. Data indicate that simple linear models can describe the
basic behavior of the muscle spindle and the input-output of the muscle in tracking tasks. Two
key developments are presented: (a) the variation in system parameters as a function of average
muscle tension or operating point, znd (b) the role of the muscle spindle both as an equalization
element and in :ts effects on muscle tone or average tension. The neuromuscular model suggested
is one in which muscle spindles provide 4 functions in 1 entity: (a) the feedback of limb position;
(b) lead/lag series equalization; (c) the source of at least 1 command signal to the system; and (d)
a signal for adjustment of the spindle gain, equalization, and steady-state spindle output which
produces the average muscle tension. The phase lag of the neuromuscular system's closed-loop
describing function exhibits a variation with average muscle tension that is strikingly similar to
that observed for the overall human operator in complex tracking tasks. The pertinent
human-operator-describing function data include the covariation of high- and low-frequency
phase data and the variation of high-frequency phase with set tension changes interpreted from
force disturbance experiments.

821 Melton, C. E., & Fiorica, V. Physiological responses of low-time private Dilof• t

cross-country flyI (FAA-AM-71-23). Washington, D. C.: Office of Aviation Medicine,
April 1971. (NTIS No. AD-728317)

Various physiological, biochemical, and psychophysiological measurements were
made on low-time private pilots who each flew three cross-country flights. The round-trip flights
were 320, 520, and 960 NM in length. Heart rate was recorded continuously throughout the flights.
Urine, collected for the 24-hr period surrounding the flights, was differentially analyzed for
epinephrine and norepinephrine. None of the measured parameters changed in proportion to the
length of the flights; however, the level of stress was high when comparec to other types of flying
activities. The total stress of such flights must, therefore, be considered to be in direct proportion
to the length of the flights.

822 Melton, C. E., Jr., McKenzie, J. M., Polis, B. D., Funkhouser, G. E., & lampietro, P. F.
Physiological responses in air traffic control personnel: O'Hare Tower (FAA-AM-71-2).
Washington, D. C.: Office of Aviation Medicine, January 1971. (DDC No. AD-723 465)

Physiological and biochemical measurements were made on 22 air traffic controllers
at O'Hare tower during five days of the heavy traffic evening shift (1600-2400) and five days of
the light traffic morning shift (0000-0800). Pulse rates were higher on the evening shift than on
the morning shift. Converging approaching traffic was more excit."*ory than departing diverging
traffic on the evening shit ; there was no differential response on the morning shift. Galvanic skin
response indicated that adaptation to the morning shift was incompkete in five days. Fibrinogen
levels in controllers' blood was not elevated above the expected level for their age group.
Controlleis had a higher total plasma phospholipid concentration than populations of normal
people, schizophrenics and combat pilots. Phosphatidyl glycerol was significantly higher in
controllers' plasma than in the normal population but less than in the combat and schizophrenic
populations. Findings from urine analyses that are reporteýd separately by Hale, et al., have been
summarized in this report. Urine chemistry shows that catecholamine excretion is related to the
number of aircraft operations . Corticoid excretion rises late in the morning shift and recovery
from morning shift work is incomplete during the off-duty rest period.
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823 Melton, C. E., Wicks, M., Saldivar, J. T., Jr., Morgan, J., & Vance, F. P. Physiolo2ical
studies on air tanker [jilots Byin forest fire retardant missions (AM 68-26). Fedei i1
Aviation Administration, Office of Aviation Medicine, October 1968 (NTIS No.
AD690090)

Pre-flight and post-flight studies were carried out on five air tanker pilots; in-flight
studies were carriedout on four of these five pilots. Pre- and post-flight studies consisted of a
questionnaire and determinations of blood pressure, psychomotor performance and ur c chemistry
for stress metabolites. In-flight studies consisted of ECG, rectal temperature, cockp.. temperature
and voice transmissions, all continuously recorded on magnetic tape.

824 Menzel, W. Menschliche Tag-Nacht Ryhthmik und Schichtarb.it. [LHuman •.a•xig
rhythmicit and shift work.] Basle, Stuttgart: Benno Schwabe, 1962.

Part I reviews the many biological variates in man for which 24-hour periodicities
can be dectected. For the various functions or systems, com prehensive: tables summarize the
bibliographical references of the pertinent observations ant mention the times of day when
maximum and minimum levels of a given phenomenon have been found to occur. Three chapters
deal successively with the chronological relationships between the various rhythms in the same I
individual, the persistence of rhythms after removing the regular alternance of the environmental
conditions, and the factors which influence -he amplitude, the phase relationships or the
periodicity of these rhythms. A general, but rather formal theory of the 24 hour rhythms is
suggested. Part II gives a critical review of the data available on the various problems connected
with night or shift-work. Working efficiency, weekly rest period, loss or disturbance of sleep,
subjective complaints and clinical symptoms, frequency of accidents or production disturbances
and attitudes of workers are dealt with in successive chapters. Its conclusions are concerned with
the practical methods of preventing the unwanted consequerces of night or shift-work.

em Meyer-Delius, J. Belastung am Arbeitsplatz durch das Warme Klima. [Thermai burden at
the workplace.I Homburg-- I nformationen fur den Wcrksarzt 1972, 21,42-58.

A mathematical explanation of heat balance and a review of the methods of
evaluating heat burden are followed by a detailed study of the physiological causes of reduced
attention due to a rise in effective temperature. The author concludes that only persons with
good circulation should be employed on work under climatic stress that requires a high degree of
vigilance and that haemodynamic examinations should form a part of preventive care for these
workers. Consideration of physical work ýn a hot climate also leads to the conclusion that heat
regulation places a considerable burden on the J,ýrculatioj:.
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828 Meyer-Delius, J. Physiological studies of fatigue in activities requiring mental concentration
-' in hot climate, the influence of positioning and sensorial irritation. In N. P. Clarke (Ed.),

Performance and biodynamic stresses -- influence of interacting stresses on performance.
AGARD Conference Proceedins, No. 101, 1972. (Available from: National Aeronautics
Space Administration, Langley Field, Virginia 23365; Attn: Report Distribution and
Storage Unit)

In a hot climate the peripheral vasculatory system is dilated as compared to that in a
cooler climate: the peripheral volume pulse is higher, the mean arterial pressure smaller and the
heart rate is raised. This regulation device, the peripheral circulation, is influenced by the
sympathico-neural impulses through vigilance or noise stimuli in a hot climate, i.e. in the same
direction and relative to the initial magnitude of the regulating device, just as in the cooler
climate. Vigilance is termed by DEFAYOLLE among others as an increased nervous activity for
the pe,-ception of information. It became manifest through a noradrenergetic reaction: with an
elevated peripheral vasotonus and, in the climate in which the studies were performed, namely
between 14 and 270 Ceff, with a decrease of the heart rate. We consider this to be the response
via pressure receptors to the increase of the peripheral circulatory resistance. The respiratory
frequency under vigilance rises about 70% above the value at rest and thus indicates a high degree
of tension.

Contrary to this we noted a continuous increase of the heart rate in the hot climate
which persisted throughout the vigilance activity if same was connected with an elevation of the
energy metabolism. The continuous pulse rate increase could not be conditioned on energy since
energy metabolism also in the hot climate remained far within the steady state. We interpret the
frequency increase as a controlling effect of thermoregulation, caused by a limited heat emission,
for in a hot climate with an elevated energetic metabolism under vigilance the peripheral
vasotonus remained increased. Consequently the volume pulse was smaller than during the period
of non-activity. The continuous increase of the luart rate may be interpreted as a sign of
disregulation. It led to a diminishing of vigilance and technically was seen as a prolonged working
time which the subjects needed to perform the same number of tasks in a hot climate as
compared to the working time in a cooler climate. .1

827 Michaut, G., & Pin, M. C. Effets; sur quelques variables psychophysiologiques de la
conduite automobile urbaine. [The effects of city automobile driving on some
psychophysiological variables.] Actes du Troisieme Congres de la Societe d'Erlonomie de
Langue Francaise,Bruxelles: Presses Universitaires de Bruxelles, 1,-968, 243-249.

This study related visual choice reaction time, heart rate and a subsidiary task
measure of mental load to driving. Heart rate frequency fluctuations did rlot vary systematically
during the three hour test period but exhibited a general tenden-y to fall.
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828 Miller, L. H., Veen, W. Van, & Sandman, C. A. Intermodal and intramodal distraction and
CNV. Electroencephalography and Clinical Neurophvsiolog , 1973, Supplement 33
209-211.

The effects of distraction and attention on the magnitude of the slow potential
shifts seen in the i.s.i. of the fixed ,oreperiod reaction-time paradigm appear to depend upon
whether the distraction is intra- or inter-modal. One might explain these effects in terms of
"focused" vs. "divided" attentional processes. Intia-modal distraction, for instance, requires
focused concentration on a single sensory channel, whereas inter-modal distraction requires the
division of attentional processes between two or more separate sensory channels.

Such a formulation would be entirely consonant with McCallum and Walter's (1968)
view of the distracting role played by psychological and physiological stimuli in CNV studies
employing reaction time procedures. Taking this viewpoint one might anticipate that such
"extraneous" variables as bladder tension or preoccupation with personal problems may well
provide sufficient inter-modal distraction to inhibit seriously the amplitude of the CNV.

Further examination of the effects of such intra-modal and inter-modal influences
on cortical slow potentials would seem to be crucial to the definition of brain-behavior
relationships.

829 Milosevic, S. Changes in detection measures and skin resistance during an auditory vigilance
task. Ergonomics, 1975, _8, 1-8.

Twenty subjects detected slight changes of intensity in a 42dB, 700 Hz signal,
presented in an anechoic chamber. According to the degree of confidence in signal perception,
the subjects gave responses, within intervals of 4 sec, on a scale consisting of up to three
categories of response. During the run, the subjects' skin resistance was measured each 10 min.
Results showed that during the run the percentage of correct and false responses decreased for
hoth extreme criteria of response. Sensitivity, d', remained the same and the criterion index, beta,
increased as a function of time. Skin resistance also increased progressively. The signal detection
theory parameters changed in accordance with Welford's activation hypothesis prediction;
activation was closely related to the criterion and strategy of decision-making, and not to
sensitivity.

830 Mirsky, A. F., & Cardon, P. V., Jr. A comparison of the behavioral and physiological
changes accompanying sleep deprivation and chlorpromazine administration in man.
Electroencephalographv and Clinical Neurophysiology, 1962, 14, 1-10.

,. Eight normal subjects were studied under control conditions, after 66-70 h of
sleep deprivation, and after the administration of 200 mg of chlorpromazine. Simultaneous
recordings were made of behavior on a test of attention, the EEG, respiration and finger
plethysmograph under all conditions.

2. Both sleep deprivation and chlorpromazine produced marked impairment in the
performance of the attention test.

3. Errors in performance in the sleep deprivation condition were accompanied by
slowing of the EEG, increased respiratory cycle length and increased finger pulse amplitude, as
compared with periods when the subjects were performing correctly. Such differences in the
physiological accompaniments of performance were far less marked in the chlorpromazine
condition.
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4. Of the three physiological measures, the EEG appeared to be the least accurate in
reflecting variations In alertness.

5. The significance of these findings was discussed in relation to the possible
existence of separate, although closely related, mechanisms within the reticular activating system
which mediate behavior on the one hand, and the EEG, respiration and peripheral vasomotor
tone on the other.

831 Mohler, S. R., Dille, ). R., & Gibbons, H. L. The time zone and circadian rhythms in
relation to aircraft occupants taking long-distance flights. American Journal Uf Public
Healh 1968, 58, 1404-1409.

Air travelers traversing four or more time zones experience desy! m onization of I
certain daily biologic rhythms. Until rephasing of the rhythms oscurs relative to t. .. solar cycle at
the point of destination, some "below par" subjective at i psychophysiologic responses result.
Information is provided referencing certain of these responses and some suggested means of
avoiding "time zone fatigue" are given. Some of the physiological finding5 are related to
performance.

832 Monesi, F., Ravaccia, F. A study of behaviour during a trial of vigilance in non-piloting
personnel. In B. 0. Hartman (Ed.), Higher mental functioning in operational environments.
AGAR Conference Proceedings No. 181, 1976. (Available from: National Aeronautics
Space Administration, Langley Field, Virginia 23365, Attn: Report Distribution and
Storage Unit)

On the topic of planning a laboratory for the assessment of the performance cf
subjects in operative stress conditions, conventional psychometric as well as neurophysiological
methods were employed for data collection, recording and processing.

In the present study, subjects highly experienced in air traffic assessment and
decision-making tasks underwent a performance trial involving visual vigilance in a simulated
operative environment. Data were collected by administering self-rating scales and recording both
reaction times and brain potentials. Statistical analysis of data was performed with parametric
and nonparametric tests.

All types of approach proved to be of value in the assessment of performance,
although the greater utility of computerized neurophysiological evaluation must be emphasized
for an advance in methodology.

&W Monnier, M. Retinal time, retinocortical time, alpha blocking time and motoc reaction time.
Electroencephalography and Clinical Neurophysio1ogy, 1949,1, 516-517. (Abstract)

The voluntary motor reaction begins about 110 msec after the flash (motor reaction
time), measured on the electromyogram of the thenar muscles.

The a!pha biocking time (215 ms +45) is much longe- and varies according to
emotional conditions, two facts which suggest that cortico-subcortical reverberating mechanisms

may be involved in the production of this "reaction d'arret".

1
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W Moraal, J. The analysis of an inspection task in the steel industry. In C. G. Drury & J. G.
Fox (Eds.), Human reliability in ualit, control. London: Taylor and Francis, 1975.

It may be hypothesized that a relation exists between the number of following
movementls and the total number of blots, lines, colours etc. to be seen on the sheets, only a
minority of which have to be classified as defects. So, the more irregular the surface in
appearance the more 'anchor points' for inspection and consequently the more following
movements. This hypothesis was supported strongly by the results of the laboratory studies using
optical noise patterns. These patterns are ',ery Irregular by nature and indeed only following and
saccadic movements were found when eye movements were recorded. In this respect one may
doubt whether the number of following movements (fixations) may serve as a relevant criterion
in assessing inspection accuracy as in fact Shimabukuro et al. used them. Ohtani used a simulated
inspection as a criterion measure, namely searching for incomplete rings (Landolt's rings) from a
series of complete rings of the same size, again a very irregular field, which may fall short in
relevance to the real task. All studies mentioned are in agreement on the durationi of fixations:
between about 330 to 450 msec. Both Japanese studies regard a line speed of about 300 f.p.m. as
becoming critical for optimal inspection: Shimabukuro et al. because the number of following
movements decreases in the range of 250 to 300 f.p.m. and Ohtani because this speed is related
to missing critical objects (incomplete rings) in the simulated study. Sanders and Hoogenboom
also regard 300 f.p.m. as a critical speed because time for inspection given the variability in
inspection times, is nearly enough for making at least one fixation (following movement) per
sheet (about 300 mstc). 'However, even this will not always be a necessity, for example when
defects arrive in batcheb a peripheral glimpse will suffice. For defects new in appearance,
however, a line speed of 300 f.p.m. may be regarded as becoming critical.
83 Mordkoff, A. M. Heart rate patterns during the foreperiod of a reaction time trial: The

effect of simple versus disjunctive reactions and fixed versus variable foreperiods.
Psychophysiology, 1971,8, 244-245. (Abstract)

The hypothesis of Lacey and Lacey that heart rate deceleration is associated with
circumstances that demand attention to the external environment while heart rate acceleration is
associated with stimulus rejection was investigated in a study in which both simple and
disjunctive reactions were obtained under both constant and variable foreperiod conditions.Compared to the simple reaction time paradigm, disjunctive reactions winch involve the
presentation of several stimuli are more likely to evoke a sensory attitude in Ss and be
accompanied by larger decelerations.

Forty-eight Ss were administered 25 trials under each of the above four conditions.
Inspection of the raw data revealed that the same polyphasic
deceleratory-acceleratory.deceleratory pattern described by Lacey and Lacey was obtained which
was especially prominent during the constant foreperiod conditions. Statistical analysis of
various aspects of the response pattern measured during the foreperiod -evealed no significant
effects related to either initial level of heart rate or magnitude of the early deceleratory
"orienting" response. The later acceleratory-deceleratory changes were both significantly affectedby both experimental treatments, the responses being greater under the constant foreperiod and
disjunctive reaction time conditions. The differences between the simple and disjunctive
conditions were accentuated for the acci eratory component under the variable foreperiod
conditions,

The data were consistent with Lacey and Lacey's theory of the instrumental role of
cardiovascular activity in behavior and specifically that heart rate deceleration is related to
conditions which require environmental intake.
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6W Morgan, A. H., MacDonald, H., & Hilgard, E. R. EFG alpha: Lateral asymmetry related to -

task, and hypnotizability. Psvchophysioiczv, 1974,11, 275-282.

Occipital EEG alpha (8-13 Hz) was recorded separately from the right and left
hemispheres of 26 right-handed subjects during analytic (verbal and numerical) tasks, spatial
(imagery) tasks, a mLic task, and a hypnotic susceptibility scale. An alpha laterality score was
derived by computing the percent difference in the amplitude of alpha in the two hem!spheres. This
laterality score was significantly different between the analytic and spatial tasks, and between an
eyes-open baseline and an eyes-open measurement during hypnotic amnesia. Because the spatial
tasks used in this study are considered "easier" than the analytic or music tasks, the role of task
difficulty provides some ambiguity in interpretation.

Highly hypnotizable subjects showed significantly more alpha activity (compared to

low hypnotizables) in all conditions (both outside hypnosis and within it) except for the
eyes-open baseline and the eyes-open measurement following the release of amnesia. No
differences were found between low- and high-hypnotizables in the laterality measure. This
suggests that the lateral asymmetry of alpha is a function of taslk rather than of any particular
cognitive style that may characterize the hypnotically susceptible. That high hypnotizables

, showed higher amplitudes of alphz, however, suggests that the overall production of alpha may
be positively related to the particular cognitive style that characterizes the person who is able to
"experience hypnotic phenomena.

637 Morrell, L. K. EEG frequency and reaction time - a sequential analysis. Neuropsvchologia,
1966, 4 41-48.

In a prolonged simple vigilance task with nornal subjects who were not sleep
deprived, trial-to-trial oscillations in EEG background frequency characteristics were noted.
These are related to serial changes in reaction time to an aperiodic photic stimulus. Sequential

analysis of the background frequency affords prediction of the probability of increased or
decreased speed of response on successive trials, as well as an estimation of the likelihood of
response failure.

6 M o r r elI, L. K. Some c h a r a cteristics of stimulus-provoked alpha activity.
Electroencephalograph, and Clinical Neurophvsiolorz, 1966, 21, 552-561.

Two groups of subjects, pre-selected for prominent resting alpha, were studied in
order to assess the habituation of EEG reactivity to repeated photic stimuli. In one group, the
subjects passively received the signals; in the other they were instructed to respond manually as
soon as the signal was detected, and the reaction times were measured. It was found that the EEG
background of alpha activity tended to alternate with a lower voltage, more random pattern
sometimes including slow waves in both groups. The EEG reactivity against the latter background
was that of provocation of alpha acivity, whereas against the background alpha rhythm, the
reactivity was that of blocking or arrest of alpha. From the point in each record in which these
patterns began to alternate, it was found that the alpha provocation response had a higher
incidence than the desynchronization response, sigiificantly so only for the group not required to
respond. The blocking response was relatively habituated for both groups.

The requirement of a motor response to the photic signal was associated with an
increased incidence of the alpha blocking response. Reaction times tended to be higher when
alpha provocation occurred.

The hypothesis was advanced that stimulatirn-provoked alpha activity may be an
electrical sign of central inhibitory processes.
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* Morrell, L. K., & Morrell, F. Evoked potentials and reaction times: A study of
intra-individual variability. Electroencephalography and Clinical NeuroohvsioloRY, 1966,
20, 567-575.

Experiments with six normal adults were undertaken in order to study the
relationship between intra-individual variability in simple reaction time and•1," "cally evoked
potentials.

It was found that the amplitudes of prominent components of the evoked response
(both early and late) are correlated with the reaction time to the photic signal. The result was
found for occipital, central vertex, and right and left Rolandic regions.

Latency to peak or trough of various wave components had no consistent
relationship to RT.

Such factors as selective attention and fluctuations of alertness are discussed l as
possible determinants of the relationship between RT and amplitude of averaged evoked
potentials.

840 Morris, C. J., Jr. Electroencephalographic and evoked potential correlates of reaction time
and visual discrimination performance (Doctoral dissertaticn, University of Missouri,
Columbia, 1968). Dissertation Abstracts, 1968, 29, 1190B. (University Microfilms No,
68-12, 500)

Electroencephalographic (EEG) and evoked potential correlates of performance on
a simple reaction time (SRT) task and a combined choice reaction time (CRT) and visual
discrimination (VD) task were examined. Compared with the EEG prior to slow SRT
performance, the EEG prior to fast SRT performance was characterized by significantly reduced
alpha (8-13 Hz) activity, significantly increased fast (14-40 Hz) activity, and significantly smaller
voltage. Wavelength distribution analyses of the EEG prior to CRT and VD performance failed to
differentiate high and low performance levels. However, significant voltage differences consistent
with those obtained in the SRT analysis were found for both CRT and VD performance.

Signi.icant differences in the amplitudes of the later components of the averaged
oked potential were found between high and low performance levels on the SRT and VD tasks,

_ie amplitudes being larger during fast SRT and correct VD performance as opposed to slow SRT
nd incorrect VD performance. The latencies of the different components of the evoked

, otential did not differ significantly among any conditions of the experiment.

Lindsley's ,(1951, 1952) theory that fast, low-voltage EEG activity is associated with
high levels of behavioral arousal, was supported by the results of the SRT analyses and, to a lesser
e-"ent, the CRT and VD analyses. The results suggested that the correlation between the EEG
and perceptual-motor performance decreases as the complexity of the task increases. The evoked
potential analyses supported a similar conclusion and confirmed recent studies which have shown
that fluctuations in the evoked potential are associated with changes in behavioral performance.
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641 Morris, C. J. Electroencerhalographic and evoked potential correlates of reaction time and
visual discrimination perfobrmance. Psvchonomic Science 1971,21, 193-195.

Found that EEG and evoked cortical potential (ECP) measures of arousaP were
related to level of performance on RT and visual discrimination experiment with 16
undergraduate and graduate students. ECP measures were more strongly associated with
performance on both tasks than any of the EEG measures. However, the very wcak as-ociation
between arousal measures and visual discrimination performance suggested tnat arousal plays a
ilmited role In the control of complex decision processes.

842 Moussong-Kovacs, E. A vigilitas neuropszichologiaja. (Neuropsychology of vigilance.1
Pszichologiai Tanulmanyok, 1966, 9, 417-434.

Presents a model monitor-system operating in a neurosurgical control chamber to
connect the psychological and physiological interpretation of vigilance. Physical pathological
changes in vigilance are related to the functional systems of CNS and metabolic conditions.
Psychological laws of vigilance are reviewed in relation to test and personality variables. Data
supporting similarities between psychological and physiological interpretations are pointed out.

643 Mulder, G., & Mulder-Hajonides van der Meulen, W. R. E. H. Heart rate variability in a
binary choice reaction task: An evaluation of some scoring methods. Acta Psychologica,
1972,2§, 239-251.

Several scoring methods of heart rate variability have been investigated in a binary
choice task. It was concluded that in this type of task the number of waves in the
cardiotachogram and the sum of absolute differences between successive R-R intervals divided by
the number of waves are the best indicators of the task levels (20, 30, 40, 50 and 60 binary
choices per min). A detailed analysis of these scoring methods in different types of information
processing tasks is recommended.

544 Mulder, G., & Mulder-Hajonides van der Meulen, W. R. E. H. Mental load and the
measurement of heart rate variability. Ergonomics 1973 16 69-83.

A number of studies concerning heart rate variability and mental load are reviewed.

It is concluded that in paced choice reaction tasks the number of reversal points in
the cardiotachogram is the most sensitive measure of the !oad of the task.

This measure was strongly correlated with respiration.

Spectral analysis of heart rate variability revealed the existence of a frequency
component at about 0.10 Hz, a respiation frequency and sometimes a task frequency. In a
number of tasks the respiration frequency increased, and the amplitude of energy in the lower
frequencies decreased (i.e. there was a decrease in heart rate variability).
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046 Mulholland, T. The electroencephalogram as an experimental tool in the study of internal
attention gradients. TIAW.Slji 2.f Ih U Yot2k Academ If _ n , 1962, 24,
664-669.

Although internal attention gradiemts are familiar psychological processes, they are
often difficult to study using only behavioral data. Such gradients may be dramatically evide.nt,
as during a "countdown" to a rocket launching. Most everyday events give rise to only moderate
levels of attention and less evident attention gradients. However, by using a special
electroencephalographic (EEG) technique and appropriate instructions, even such "weak"
internalized attention gradients (as occur when a subject is told "to pay attention to the 15th
flash" in a temporal series of light flashes) can be evaluated. Such an EEG technique utilizes a
feedback loop (connecting stimulus and brain activity) based on the suppression of the alpha
brain rhythm (8-13 c.p.s.), which distinguishes it from other loops previously reported.

64 Mulholland, T. The concept of attention and the electroencephalographic alpha rhythm. In
C. R. Evans & T. B. Mulholland (Eds.), Attention in neurohysioloy. London:
Butterworths, 1969.

These hypothetical relationships have verifiable consequences Alpha should not
occur during fixation, i.e. during a stable triad of accommodation. Temporal variation in the triad
of accommodation between stable and unstable states should be correlated with temporal
variation of the occipital EEG between activation and alpha states. The familiar habituation of
the EEG activation response should have its counterpart in the time series of successive fixations
and accommodation responses. Habituation of the oculomotor component of the orienting
response should closely parallel the habituation of the EEG component. Aberration of the
process controlling the triad of accommodation should be reflected in aberration in the
alpha-activation cycle.

Visual perception functions which vary with changes in the fixation accommodatiorn

process should vary with the alpha-activation cycle. In general, -Apha occurrence should be
associated with a decrease of visual accuracy, precision, and efficiency relative to activation. This
would not be true for non-visual stimuli.

Variations in visual perception which have been linked to attention may be linked to
the oscillations in the limits of the alpha-activation control process rather than being linked to
alpha-activation per se This would be consistent with the idea that fluctuations in attention are
linked to the non-ranlom oscillation in successive EEG activation intervals which have been
described by Morrell and Morrell and confirmed by Mulholland and Bundzen.

rhc observations reported earlier which have been accumulating in the EEG
literature over the years, as well as the more recent ones described heme, pose serious problems for
the attention hypothesis. However, they pelmit no conclusion concerning the origin of the alpha
rhythm and might be considered independently of that question. In my vieA, this is neither a
tenable nor useful position. The experimental determination of those brain processes causing the
alpha rhythm will permit us both to understand the failure of the attention hypothesis in the
interpretation of the occipital alpha rhythm and to explain its relationship to the ocular and
oculomotor control systems.
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847 Mulholland, T. B. Automatic control of visual displays by the attention of the human
viewer. In C. M. W*lliams & J. L. Debes (Eds.), First national conference on visual literc.

4', New York: Pitman, 1970.

The characteristics of a display could be controlled by attentive looking, which is
also under voluntary control. For instance, when alpha was suppressed by attentive looking a
series of visuals could be presented at a rapid rate. A much slower rate plus a warning could be
given when alpha occurred indicating decreased attentive looking. In the case where there is a
continuing inspection of stimuli required, then the rate of presentation of the various objects
would be so regu!ated by attentive looking that the best inspection would occur.

84 Mulholland, T. Objective EEG methods for studying covert shifts of visual attention. In F.
J. MtcGugian & R. A. Schocnovei (Eds.), Lhe psychophysiolopy of thinking. New York and
London: Academic Press, 1973.

In conclusion, I would like to speculate on some applications of feedback EEG in
relation to visuzi control as I see them. Some of these are already close at hand, others require

considerable development (Mulholland, 1970). The following groups of applications are intended
as an outline.

Displa controllers. Here the characteristics of a display could be controlled by
attentive looking, which is also under voluntary control. For instance, when alpha was suppressed
by attentive looking a series of visual displays could be presented at a rapid rate. A much slower
rate plus a warning could be given when alpha occurred. In the case where there is a
continuing inspection of stimuli required, then the rate of presentation of the various objects
would be so regulated by attentive looking that the best inspection would occur. One can imagine
a ,v¢ehicle or machrie which is unsafe if the operator is not attentive or alert. Such a machine
could be automatically shut down if attentive looking flagged below a critical level.

Attention &oj~ns9.tor.. This is a special case of display cotiaroller. Here the display
would magnify or exaggerate the visual display effect of attention to *niake up for an attention
defect. For instance, when a person was not attentively looking at a visual display it would get
brighter or clearer or larger, permitting a better reception of it.

j+jjn. gLj7. Here the goal would be to use feedback to tell a person when his
brain rhythms indicated that he was alert. He would practice until he could voluntarily change the
display indicating that attentive looking, or not, was achieved. Such training might help people to
improve their attentive-lookirg behavior. They may learn an improved self-control of attention.
Experimental studies show that by feedback training, control of the brain rhythms is improved
(Nowlis & Kamiya, 1970; Peper & Mulholland, 1970).

In these applications I have talked about brain wave responses. It would be important
also to study eye movement and pupillary changes to make displays controlled by eye behavior.
In ýnese ways we may improve the evaluation and automatic control of visual displays ini terms of
their effect on the orirlting response of the viewer.
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540 Mulholland, T., & Davis, E. Electroencephalographic activation: Non-specific habituation
by verbal stimuli. ,c.e , 1966, .U2, 1104.1106.

A decrease in the duration of the electroencephalographic activation response to a
series of different words: emotional, "neutral," and scrambled occurred. The response to
"neutral" words was consistently briefer than that to the other words. This result is evidence of a
nonspecific habituation of activation, which implies that habituation to classes ot stimuli can
occur.

650 Mulholland, T., & Evans, C. R. An unexpected artefact In the human electroencephalogram
concerning the alpha rhythm and the orientation of the eyes. Nature 1965,2D7, 36-37.

In conclusion we will note that an extended series of experiments using a greater
number of subjects is at present in progress. It is already clear that the effect already described
may be found in marked fashion in 50 per cent of all subjects tested -- though in some individuals
its occurrence is less reliable than in others. A number of variables, such as subjects' general
ability to hold their eyes continuously in any given position, no doubt contribute, and it is hoped
subsequently to identify these variab!es. However, at the moment it seems unlikely that any
"screening" of individuals prior to their participation in an EEG experiment would be of much
use, for the effect may suddenly appear in subjects who do not, on the first test, exhibit it.

Since performing the originai experiments we have heard from Dr. M. D. Dewan, of
the U.S. Office of Aerospace Research, who has independently observed that alpha occurrence is
increased when his subjects were "looking upwards" with eyes closed.

3W1 Mulholland, T., & Evans, C. R. Oculomotor func~ion and tne alpha activation cyc~e.

Nature, 1966, 211, 1278-1279.

As we have st.,ted here, the concept of "attention" in relation to the
alpha-activation cycle is not particularly useful in the interpretation of these results. A search of
most of the literature concerning human "attention" and the EEG does not reveal any experiment in
which oculomotor functions have been excluded as a cause of the EEG phenomenon supposed to
be associated with "attention". Attention, !s, in fact, simply assumed to be the relevant variable.
However, the results we have reported can be explained in terms of the hypothesis that the
alpha-octivation cycle reflects the movements, accommodation and position of the eyes. In sum,
such a hypothesis would imply that the electroencephalographic and oculomotor components of
the orienting response are not mereiy coincidental and independent, but are so dynamically
linked that oculomotor processes can modify the the EEG response to stimulation. From this
point of view (which will need to be considered in all future experiments linking "psychological"
variables with the EEG) if there is any affect of "attention", it is on oculomotor functions which
in turn cause a modification of the alpha-activation cycle.

320



052 Mulholland, 1. B., & Peper, E. Occipital alpha and accommodative vergence, pursuit
trac;king•, Arid fa•,t eye movements. Ftwchoiphysiolo, 1971|,.§, 556-575.

The parietal.-LClpilal EEG was recorded while subjects performed various fixation,
Accommodation, And tracking maneuvers with stationary and moving targlets. For some
experiments the target WAS continuously in view and independent of the EEG; in others, a
feedback path connected the occurrence of parietal-occipital alpha withý the visibility of the
target. The results show that Alpha Attenuation or blocking is nMt due to "visual attention" but
to processes of fixation, lens accommodation, And pursuit tracking. Saccadic movements were

not reliably linked to alpha or alpha "blocking." The utility of feedback methods for testing the
hypotheses that visual control processes are linked to the parietal-occipital alpha rhythms was
demonstrated.

M Mulholland, T., & Runnal, S. Evaluation of attention and alertness with a stimulus-brain
feedback loop. Electroencephalograph, and CInical Neuroohysiclogy, 1962,J4, 847-852.

A simple electronic apparatus was so arranged that selected EEG frequencies in the
alpha range caused a stimulus to occur. When alpha was suppressed the stimulus was
automatically removed. When alpha recurred the stimulus was automatically presented again, etc.
During this feedback stimulation the following phenomena were observed: 1. alpha tended to
occur in a series of short "bursts" separated by periods of faster "no-alpha" activity; 2. the
changes in the durations of alpha and no-alpha components over time were not simple inversions
nor complements of each other; 3. the temporal pattern of alpha and no-alpha durati( - were
significantly different for conditions of viewing and attempting to remain at an alert, attentive
level compared to simple viewing when no such attempt was made. In general, alpha durations
were shorter, no-alpha durations longer and the variance of alpha duration reduced durilng the
condition requirkig greater attention; 4. the distribution of "alpha" and "no-alpha" response
durations was not Gaussian, resembling a Poisson distribution. The hypothesis was advanced that
the feedback system fractionates "phasic" response latencies from predominantly "tonic"
response durations (Sharpless and Jasper 1956). Application of the system to the study of
internal attention states was described and other applications suggested.

a Mulholland, T., & Runnals, S. Increased occurrence of EEG alpha during increased
attention. Jlo.ur_ of Psvchology, 1962,5A, 317-330.

In three experiments the occurrence of EEG alpha during continuing attention - sets
and during recurring alerting responses was compared.

Alpha was frequently faciiitated during periods of attention-sets or was little
affected. OQ the other hand, the familiar suppressions of alpha occasioned by alerting to an
oxternal signal was dearly evident. The behavioral effects of both the attention-sets (on
perceptual content) and alerting (giving a verbal report in response to an audible signal) were
definite and consistent.

It was concluded tha: the term attention can refer to neither a qualitatively
consistent behavioral nor neurophysiological entity and that the classical and familiar
alpha-attention hypothesis refers to a special case, i.e., transitory alerting to an external signal.
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@Mrn Mulholland, T., & Runnals, S. A stimulus-brain feedback system for evalu,.tion of alertness.
Jorna g2 o ycgy, 1962. A, 69.83.

A simple electronic apparatu. so filtered the EEG that selected frequencies in the
alpha range (recorded trom parietal-occipital locativis) automatically caused a stimulus to occur.
When alpha was then suppressed, the stimulus was automatically removel. When alpha
reoccurred the stimulus automatically occurred again, etc. During this feedback stimulation the
following phenomena were observed: (a) alpha tended to occur in a series of short "tiursts"
separated by periods of no-alpha activity; (b) the changes of duration of the alpha component
and the no-alpha component ,)ver ;me were not necessarily inverse. Durations of alpha increased
slowly while durations of no-alpha Jecreased rapidly and then decreaseo more slowly. In some
individuals the alpha bursts became shorter during feedbac:k stimulalioni while no change was

evident for the no-alpha durations. The variance of the alpha component showed a marked
decrease while the variance of the no-alpha durations showed less decrease during feedback
stimulation for some individuals; (c) for a small group of S! tested here the temporal pattern of
alpha and no-alpha response durations was .ignificantly different for conditions of viewing and
silently counting feedback flashes (more attention) compared to simply viewing the feedback
stimulus. In general "alpha" duiations were shorter, "no-alpha" duration.s ,onger and the varianceof "alpha" durations was reduced during the period of internalize-'d, silent cou:nting of the
stimulus; (d) the distributions of response durations were not Gaussian; (e) non-random variation
of successve response durations sometimes occurred; (f) patterns of hypo- and hyper-.lerting
were described; (g) the hypothesis that the system fractionates "phasic" alerting response
latencies from "tonic" and "phasic" alerting response durations was presented;and (h) some
applications of the system tc the study of "habituation" and "attention" and the effect of
psychopharmacologic agents on these processes were suggested.
SM Milholland, T., & Runnals, S. The efi..ct of voluntarily directed attention on successive

cortical activation responses. Journal of i jhology, 1963, 55, 427-436.

With a "feedback" loop, frequencies in the alpha range caused a stirnulu5 I
automatically to occur. When alpha was suppressed the stimulus was automatically removed.
When alpha reoccurred the stimulus vas automatically presented again, etc. During feedback
stimulation the following phenomena were observed: (a) the temporal pattern of system ON and
OFF durations was significantly different for conditions of viewing and silently countingfeedback stimuhi compared to simple vi,!wing when no such counting was required. In general,

ON durations were shorter, OFF durations longer ýnd the variance of ON ddrations reduced
during the conditions requiring counting. (b) Internrilly directed attention gradients (produced by
vluntaiil, directing attention to specific stimuli) were detected and evaluated. (c) It was noted
that this system permits regulatiotv of a stimulating machine by cogni* - acts. and that cetension
Of this control to other external systems would depend on the educaý'ity of volitional con17l of
brain alerting.

322



657 Mu ndy-Casti e, A. C. The electroencephalogram and mental activity.
Elect.'oencephalogra.rh ind Clinica Neurophysiologv, 1957,9, 643-655.

1. The results concerning alpha rhythm support the view that it is related both to visual
processes and to an attention or alerting factor. It is important, however, that attention, such as
concentration during mental arithmetic or mental imagery, can occur without alpha blocking, as
also can visual imagery reported as of maximal clarity. There is thus no one-to-one relationship
between alpha blockihg and either visualization or attention.

2. A fourfold classification of 4- / c/sec rhythms is suggested as follows:.

1i) slow alpha variants (rare in normals);

(ii) "theta I": not harmonically related to the alpha rhythm, yet suppressed by eye
opening and/or mental activity;

(iii) "theta I1": augmei •ed during perceptual and imaginative activities and
apparently unrelated to affective changes. Possibly similar to kappa, and related rhythms;

(iv) "theta IIl": varies during emotional activities. Results from the analysis of theta
rnythm in thu clinical group maintain the consistent historical trend associating theta rhythm
with emotional and cortical immaturity.

3. A bifold classification of beta rhythm is suggested as follows:

(i) "beta I": including fast alpha variants, and comprising fast rhythms whi'.h are
suppressed during cortical activity;

(ii) "beta II": fast rhythms augmernted during cortical a:tivity.

It is tentatively proposed that the first relate to the analysis and registration of data

projected on the cortex, the second to the mediation of information within the brain.

8658 Mundy-Castle, A. C. An appraisal of electroencephalography in relation to psychology.
lounal of the National Institute for Persoinel Research, fvionograph Supptement., 1958.

The final section considers psychological implications and developments arising from
the neurophysiological findings. It discusses historical .nd recent studies of conditioning and
EEG, the conditioning of responses to rhythmic stimulation, topographic studies of conditioned
EEG responses, EEG evidence of inhibition, and the possibility of a neurophysiological analysis
of conditioning. It concludes with an appraisal of experimental studies of relations between
behaviour and the EEG, with its main emphasis on interrelations between central excitability,
arousal theory, temperament, personality, learning and habituation.

When viewed as a whole, this paper suggests the EEG as of increasing importance in
relation to psychology; this is moss probably because of the profound advances which have
occurred in neurophysiology during the last ten years or so. This new influence in psychology
may well be a forerunner of a far nore objective and physiological psychology than that which
has obtained in the past, one which will not fail to take full account of what goes on inside the
body, and especially the head, in its attempts at the analysis of behaviour.

323

r .~.I



J.

869 Murrell, K. F. H. Laboratory studies of repetitive work: IV. Auto-arousal as a determinant
of performance in monotonous tasks. AM Psychologica, 1969, 2V, 268-278. A

An earlier proposal (Murrell, 1967) that performance changes on continuous and
monotonous taski -- mid be explaine•d by the production of hyper-arousal by auto-arousal is now
rejected, Evidence is presented which suggests that auto-arousal does occur and that it is the
consequent "damping down" corticofugal projections which cause the observed changes in
performance.

ow Murrell, K. F. H. Temporal factors in light work. In W. Singleton, J. Fox & D. Whitfield
(Eds), Measurement of man at work. London: Taylor& Francis, 1971.

The effects so far described have been seen most clearly in the skin conductance
curves. 1. the skin conductance is a measure of arousal, the bahavioural measurements have not,
by any means, always followed prediction. Or, of the difficulties of this kind of work is that
from the results obtained it would be possible to produce some which would show that nothing *
whatsoever has happened; equally as has been described above, results have been obtained which
do support the views put forward. That this should be the case need not necessarily disprove the I
general thesis. It is not part of the proposition that auto-arousal will always occur in a given set of
conitions. The very fact that the effects looked for occur only in some of the experiment• is '

further evidence that we have been dealing with an arousal effect which can be manipulated at
the will of tP- subject and over which the experimenter may have only pa, tial control - if, in t,'t,
he has any control at all.

4
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W1 Naatanen, R. Selective attention and evoked potentials. Annales Acad'Fmiae Scientiarum
Fennicae, 1967, B-151.

Reports on 3 experiments which tend to suggest that enhancement of e% iked
potentials in reaction or discrimination tasks is not related to selective attention or selective
perception. In Exp. I a visual task was used to focus attention. Potentials evoked by clicking
sounds were found to be statistically larger during the periods of visual attention compared to the
relaxed (no attention) periods. In Exp. II the effect of differential alertness was controlled by
presenting relevant and irrelevant stimuli randomly. The relevant task was discrimination between
light flashes, the irrelevant stimuli were clicks, or vice versa. Although some Ss were able to
ignore the irrelevant stimuli and all did well on the relevant task, there were no statistically
significant amplitude and latency differences between the potentials evoked by relevant or
irrelevant tasks. In Exp. III relevant and irrelevant stimuli alternated regularly. T'his arrangement
produced greater potentials for relevant stimuli. It is felt that this outcome suggests that the
selective attention to different stimuli reported by others can be attributed to increased but
nonspecific arousal due to anticipation of a relevant stimulus.

862 Naatanen, R. Anticipation of relevant stimuli and evoked potentials: A comment on
Donchin's and Cohen's "averaged evoked potentials and intramodality selective
attention". Perceptual & Motor Skills, 1969, 28, 639-646.

Donchin and Cohen (1967) reported having demonstrated amplitude differences of
late components of occipital evoked potentials related to intramodal selective attention within
the visual modality even under conditions in which the relevant stimuli could not be anticipated
by S. They delivered flashes at irregular intervals from 2 to 3 sec and, timed independently of
these, background reversals at irregular intervals from 3 to 4 sec on the same retinal location. The
triangular test Nlash was superimposed on either of the background figures, one or the other of
which was presernt at any given time. Wher S's attention was directed to the flashes, these elicited
occipital potentials with larger late components than when attention was directed to the
background reversals. Especially the late positive comp 'nent (latency to peak 250 to 300 msec)
was considerably enhanced. The same effect was reported to have been observed with respect to
the occipital potentials elicited by the background reversals. It is suggested here that the effect
was actually induced by the anticipatory and preparatory reactions to the presentation of the
relevant stimuli, conditioned by the regularities in the stimulus sequence. These differential
anticipatory and preparatory reactions might include momentarily increased cortical activation as
well as simultaneous changes in peripheral receptor conditions, such as improved ocular fixation
and accommodation in addition to increased diameter of the pupil. In this author's view, these
nonspecific fzctois may have caused the evoked potential amplitude differences between relevant
and irrelevant visual stimuli which were interpreted by Donchin and Cohen to reflect intramodal
selective attention.
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863 Naatanen, R. Anticipation of relevant stimuli and evoked potentials: A reply to Donchin
and Cohen. Perceptual and Motor S 1969,19, 233-234.

Granted that the experimental paradigm used by Donchin and Cohen prevents S
from anticipating the moment of delivery of the relevant stimulus as accurately as in the
experiment of Chapman and Bragdon. The fact, however, that the interval between relevant
stimuli was varied by Donchin and Cohen only within a relatively nareow range (2-3 or 3-4 sec
exposes their work to the same criticism they directed at Chapman and Bragdon's study: "as
stimuli were presented periodically ... it is possible that subjects were alternately attending andnot attending to visual inputs." Complete randomization of the stimuli would, in my opinion,
have been the only way to eliminate this risk.

864 Naatanen, R. Evoked potential, EFG, and slow potential correlates of selective attention.
Acta Psvcholoiica, 1970,,U, 178-192.

This experiment was performed to clarify the interpretation of enhanced evoked

potentials elicited by stimuli relevant to the task at hand, reported in recent studies on the
neurophysiological basis of selective attention. The hypothesis was proposed that It is the regular I
presentation of relevant and irrelevant stimuli which is the crucial factor in inducinig evoked
potential amplitude enhancements, not seW . 'ye attention t•iought by many investigators. Five
subjects were used. Auditory stimuli were c svved, and every second click was made relevant by
means of a rather difficult discriminatior. task. Evoked potentials were recorded over the
occipital (02), vertex (Cz) and temporal (T4 ) area of the cortex. The background EEG and slowpotentials were also measured. The results indicated that under conditions in which the delivery
of the relovant stimuli can be quite accurately anticipated, two of the five subjects showed before
relevant, but not irrelevant, stimuli both a widesoread decrease in the EEG amplitude and a large
negative phase of the slow potential. These results, are interpreted as showing nonspecific
anticipatory and preparatory cortical activation preceding the relevant stimuli. In the light of the
present results, it is probable that remarkable enhancement of the amplitudes of the potentials
evoked by the irievant stimuli occurs in those and only those subjects who show nonspecific
preparatory cor'.ical activation preceding the relevant stimuli. It is suggested there-ore, that the
real reason for the enhanced amplitudes of potentiais elicited by the relevant stimuli is the
increased nonspec~fic cortical activation preceding these stimuli. The nonspecificity of this
activation is indicated by the finding that also the occipital area was more activated when the
subject heeded aucditory stimuli than when he did not do so.
8W Naatanen, R. The inverted-U relationship between activation and performance: A critical

review. In S. Kornblum (Ed.), Attention and performance IV, New York & London:
Academic Press, 1973.

Behavioral efficiency of an organism is discussed in relation to the intensity aspect
of its physiological responses. It frequently has been claimed, especially by proponents of
activation level theories, that the relationship between "activation" and performance follows the
form of an inverbed U. According to these theories, there exists for each kind of performance an
"optimal level of activation," usually of a moderate degree, at which the highest behaviora!
efficiency is reached. Data claimed to support the inverted. U curve is reviewed and it is
concluded that the dawn turn of this curve after the "optimal level of activation" is an artifact of
relatively uncontrolled behavioral direction, as well as of the c.ological unrepresentativeness of
such experiments. It is proposed that behavioral etficiency increases as a negatively accelerating
function of the intensity of physiological response, as long as the patterning of the response
remais appropriate with regard to the kind of performance involved.
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6 Naatanen, R. Selective attention and evoked potentials in humrans-a critical review.
Biological Psychologv, 1975, 2, 237-307.

Human evoked-potential research on the neurophysiological substrate of selective
attention is reviewed, Most of these studies report enhanced amplitudes of potentials evoked by
attended (task-relevant, meaningful, important, etc.) stimuli the results of which are generally
regarded as providing an electrophysiological correlate for selective attention. In accepting such
claims, th.•re appears to b4 two major procedural problems generally not satisfactorily soived in
these studies: (1) the inability to reliably separate the specific and non-specific physiological
changes concomitant with selective attention from each other; and (2) inadequacy of peripheral
sensory control possibly inducing contominating changes already at the level of the proximal
stimulus. Problem (1) originates from, and the importance of (2) is emphasized by, the temporal
stimulus structure of experimental tasks in these studies which allows the subject to predict
above the chance level the relevant events and, thus, to differentially prepare himself for these in
advance (increased non-specific arousal and selective peripheral sensory orientation, the latter
often made possible by insufficient control, have possibly been among these fhanges). Those
studies to which these two (and other) remarks do not apply at all or only to an insignificant
degree have generally shown no selective evoked-potertial changes (or these changes hav%.:
occurred only with a long latency ('P 3' or 'P 300') making their interpretation especially
uncertain). There is one exception for this general notion, the reasons for and significance of
which are dealt with in detail. Finally, the diffic~t'ties and inherent limitations of inferring brain
events from scalp-recorded evoked-potential data, especially with respect to the important
selective-tilter hypothesis of selective attention, are extensively discussed and, in the light of
these difficulties, some trends for future research proposed.

66? Naatanen, R., & Gaillard, A. W The relationship between the contingent negative variation
and the reaction time under prolonged experimental conditions. Biological Psycho!ogy,
1974,1, 277-291.

Recorded vertex, frontal, and temporal contingent negative variations (CNVs) from
3 highly e~perienced Ss during the S1 -S2 interval of a prolonged simplh reaction time (RT)
task and correlated them with RTs obtained. Data'were measured in 2 ways: objectively, bymeasuring the CNV by means of a compute,; and less objectivly, by mnasuring the CNV by
means of a ruler from the computer-averaged graphs in the traditional manner. Several
amplitudes, as well as the vertex, frontal, and temporal evoked potentials to S1 and S2, were
measured. No -.ystematic relationship between different CNV measures and the RT could be
observed. Whereas the amplitudes of the evoked potentials clearly habituated during the
experimental session, the amplitudes of the CNV remained at their original values.

W6 Naitoh, P. Sleep deprivation in humans. in P. H. Venables & M. J. Christie (Lds.), Research
in.pschophysiology. London: Wiley, 1975.

"rhese illustrations demonstrate clearly that some of the effects o,' sleep deprivation
on task can be easily detected with the aid of a polygraphic record. With continuous monitoring
and recording of the EFls and autonomic variables, we can eliminate experimental segments
contaminated by effects of sleep deprivation.

327



869 Naitoh, P., & Hilbert, R. P. CNV-hcart rate response under gradual sleep reductior. In W.
C. McCallum and 1. R. Knott (Eds.), The responsive brain. Proceedings of the Third
International Congress on Event-RelatecSlow Potentials of the Brain. Bristol, England,
1973. Bristol: John Wright, 1976.

Anticipatory bradycardia was exhibited by the 4 subjects on trials of correct
detections (Hits), excepting the very first session. This cardiac slowing in anticipation to the S2
was defined as the fastest heart beat during the S1 - S2 interval minus the slowest heart beat
observed near the time of the presentation of-the S2. The results suggest that anticipatory
cardiac slowing accompanying the responses of Hits was attenuated during sleep reduction. For 3
subjects, the product-moment correlates between anticipatory bradycardia and the elapsed time
since the start of the experiment were -0.92, -0.72 and -0.62. The fourth subject, B. S., had a
correlation of near zero, 0.07. When 7 January was taken as the baseline, anticipatory
bradycardia was attenuated to 5-10 per cent levels of significance during sleep reduction.

The expected cardiac slowing to S3, which indicated response correctness, was also
observed, but it was difficult to tease this component out from the natural tendency of heart rate
to decrease at this point in time (i.e. 4 sec after the S2; see Naitoh et al., 1973).

The relation of anticipatory bradycardia to the CNV magnitudes and reaction times
is being analysed under 1 2 response contingencies (e.g. Hits with a high confidence, Hits with a
medium confidence, et seq.).

870 Naitoh, P., Johnson, L. C., & Lubin, A. The effect of selective and total sleep loss on the
CNV and its psychological and physiological correlates. Electroencephalograph and
Clinical Neurophysiology, 1973, Supplement 33, 213-218.

The prese;lt study confirms the pr'viously published finding by Naitoh et al. (1971)
that total sleep loss of one night attenua•ted the CNV magnitude and also confirms the results of
studies on cardiac correlates of the CNV and CNV-like paradigms by Connor and Lang (1969),
Coquery and Lacey (unpublished data), Lacey and Lacey (1970), and PapakostopouIos and
McCallum (1973 this volume). The cardiac correlates of the present study were almost identical
with those observed by Coquery and Lacey, despite the differences in types of Ss used (college
students vs. Navy recruits), method of analysis (median heart rate response on beat-by-beat basis
vs. mean heart rate response on time basis), and the nature of S1 (a simple warning stimulus vs.
discriminated warning stimuli). The cardiac correlates of the CNV, especially of phasic
bradyrardia in anticipation of S2, were not affected by REM, slow wave sleep and total sleep
deprivations. Perhaps the cardiac correlates of the CNV reflected not a degree of sustained
attention, but rather a subjectively experienced task demand and the willingness to exert more
effort in order to rompensate for the detrimental effects of sleep debit. Multiple correlations of
0.630 (for the baecline average data), 0.878 (for the recovery average data), 0.823 (after 3 nights
of selected sleep deprivation) and 0.863 (after one night of total sleep deprivatiun) were obtained
among the larger phasic bradycardia, the subjects' rating of exerting more effort, and mat of
feeling more task demands.

328



671 Naitoh, P., Kales, A., Kollar, E. J., Sraith, J. C., & Jacobson, A. Electroencephalographic
activity after prolonged sleep loss. Electroencephalography and Clinical Neurophysiol2Dy,
1969, 27, 2-11.

Alpha activity can be reasonably estimated by alpha index and, as such, it will be
sufficient to indicate a gross sleep debt. In those who lack dominant alpha activity, the simple
subjective rat!igs associated with standardized tasks may be used for detection of sleep debt. The
poor indicators of sleep loss were 17-hydroxycorticosteroids, oral temperature, and
time-off-target. Respiration rate, heart rate, and arterial pressure were useless in detecting even a
gross sleep starvation.

672 Newton, F. A., & Bird, B. L. High frequency EEG correlates of cognition.
Psychophysiology, 1977, 14, 83-84. (Abstract)

EEG literature has demonstrated that mental effort and concentration
accompanying problem solving are positively correlated with low amplitude fast frequency beta
activity. However, the vast majority of research has focused on frequencies less than 25 Hz.
representing the low end of the beta spectrum. This investigation examines the relationship
between a high beta rhythm with a center frequency at 40 Hz and problem solving. Relationships
between 40 Hi EEG (38-42Hz), theta (4-7 Hz), alpha (8-13 Hz), beta (21-30 Hz), and 40 Hz
EMG activity were also studied.

A total of 49 male university students were tested and divided into three groups:
Group A (n=25) solved spatial problems, and 40 Hz EEG and beta were recorded from the
0 1-P3  lead; Group B (n=10) solved verbal, mathematical and spatial problems, and 40 Hz EEG
was recorded from Cz -01 and Cz .02. Theta, alpha, and beta were recorded from Cz - 01 ;
Group C (n=14) solved spatial proolems with the same recording sites as Group B. R,.'ordings
were made while subjects solved problems presented on slides and during pre- and post-baseline
conditions. Raw EEG and EMG activity recorded from the neck-temporal muscles were I
monitored by analog filters. Stringent on-line controls in the form of comparator-logic circuits
prevented counting 40 Hz EMG as 40 Hz EEG. Results indicated that for all three groups 40 Hz IEEG was significantly greater during problem solving than during baseline. Beta (21-30 Hz) did
not change from baseline to problem solving periods for Groups A and B, but was significantly

less during the problem-solving period compared to baseline for Group C. 40 Hz EMG activity did
not change for Group B and C, but was significantly greater during problem solving as compared
to baseline for Group A. Theta and alpha rates were higher during baseline than problem solving.
Results show 40 Hz EEG is specifically related to problem solving arid can be dissociated ,"rom
beta and EMG activity.

678 Nihei, Y., Honda, H., Shiga, N. & Maruyama, K. Contingent negative variation (CNV) and
speed anticipation reaction test. Tohoku Psychologica Folia, 1974)33, 71-7'i

li, , study with 32 bus, truck, and taxi drivers, relationships among contingent
negative variation (CNV), simple reaction time, and performance on the Speed Anticipation
Reaction Test, a test being utilized as one of the most sensitive tests for driver aptitude in Japan,
were investigated. There was no significant correlation between the CNV amplitude an' simple
reaction time. However, some degree of negative correlation was found between CNV amplitude
and speed anticipation reaction time (p < .05). There was a tendency for Ss who showed a
semi-hasty reaction in the speed anticipation reaction test to yield larger CNV than that of the
standard reaction (nearly accurate estimation) Ss. Ss who showed delayed reaction yielded a
smaller CNV amplitude (p < .01). Thus, larger CNV amplitude of Ss did not always predict
accuracy of performance.
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874 Nitsch, J. R. Biorhythmus und Arbeit. [Biological rhythm and work.] Sicherheitsingenieur,
1972,3, 252-257.

Human physiological and mental functions vary in accordance with a distinctly
biphased curve which peaks out during the day and reaches its lowest point during the night.
Research has shown that sleep, work, and eating do not significantly affect this circadian rhythm.
The effect of periodic environmental factors and the biological nature of the circudian rhythm
are discussed. The second part of this study deals with t e practical significance of circadian
functional variations with special reference to appetite for work and circadian output peaks. A
brief reference is made to conclusions relating to personnel selection and work organization.

676 Norman, A. Biotelemetry and developmental psychology: Preliminary observations and heart
rate change during unrestrained activity. Proceedins of the Annual Convwntion of hb
Americin Psychological Association, 1970, 5, 313-314.

Discusses the biotelemetric recording of physiological changes in its potential
application to developmental psychology. The relationship between heart rate (HR) and
attention in freely moving Ss is 1 important area of investigation. It is possible to record HR
changes with a small FM transmitter while S engages in unrestrained activity. The use of
split-screen videotape makes it possible to precisely relate overt behavioral changes to beat-by-beat
HR changes. It is anticipated that the use of developmental psychophysiology will now be
extended to various groups, such as preschool children for whom there is little data in the
literature.

976 Nosal, C. Zmiany Fzybkosci reagowania pod wpl wen halasu. [Effect of noise on levels of
performance and activation.] Przeglad Psychologiczny, 1968, 15, 72-86.

A significant correlation exists between the decrease in the RT and the increase in
Sr GSR amplitude. This correlation shows that a slight increase in the activity level shortens the

When the activity level oscillates aboutthe optimal GSR value, the RT tends to decrease (in
* ,Ssenc i noise). When the activity level is higher than the optimal value, the RT displays no

Irfidixe e..-, (in noise).

The effect of ncise on the distortion ir the subjective estimation of the reaction
time has been determined Tha estimates were better in the absence of noise than in its presence.
This implies that noise which i!-sreases the activity level disturbs the check of the results of the
activity. It is known that such a check furnishes the subjects studied with information necessary
to form subsequent responses to a particular stimulus.

877 Nouaille-Degorce, J., & Riotte, M. Problemes theoriques et pratiques de I'alternance
veille-sommep' r'heoretical and practical problems of wake-sleep a!ternation.] Aero ace

"-. 19' - , 330. (Abstract)

Discussion of the importance of the waking-sleeping cycle in military service, where
command requircments are to utilize personnel whose qualitles and duration of vigilance can be
modified. Uhe problem is considered in two aspects; that of the perturbation of the nyctohemeral
rhythms of sleep and ansequences, and that of the possibility of making a subject sleep or
stay physiologically .- for an appropriate time. The concept of the circadian rhythm and the
physiology of sleep i..,; reviewed, as well as present knowledge of the structures responsible for
vigilance. The effects of various drugs on wakefulness are outlined, and methods for studying
vigilance are considered.
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WO Novak, S., Diaz, J., & Leinwand, S. Latency of alpha blocking as a function of photic
4 stimulation during the cardiac cycle. Psychophysiolox, 1973, n_, 21-26.

Changes In reaction time during the cardiac cycle have been reported by a number of
investigators. The present study concerns changes in the lattncy of alpha b~ocking as a fuction of
the time of prisentation of photic stimulation during the cardiac cycle. Stimuli were presented at
intervals of 0, 25, 50, 75, 100, 200, 300, 400, arnt 500 msec following the p,ýak of the R-wave of
the EKG. Alpha blocking latency was found to be shorter for stimulus presentation early in the
cardiac cycl.•.

W7 Nunn, C. M. H., & Osselton, 1. W. The irfluerte of the EEG alpha rhythm on the
perception of visual stimuli. Psychophvsioloaty, 1974, 11, 294-303.

An experiment is described which was designed to test the hypothesis that brief
visual stimuli would not be perceived when they occurred during certain phases of the EEG alpha
rhythm. The results agreed with the hypothesis. It was concluded that the alpha rhythm is a
correlate of the activity of a 'neuronic shutter' which periodically prevents the reception or
processing of visual information by the brain.

The procedure used was such that there was no necessity for the subjects to pay
attention to the stimuli; indeed, efforts were made to avoid such attention. This methodology
was thought to be of importance in obtaining a positive result.

I
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0
66 Obrist, P. A. Cardiovascular differentiation of sensory stimuli. Psychosomatic Medicine,

1963, 25, 450-459.

Replication was achieved of previous demonstradions that sensory stimuli involving
continuous environmental input decelerate, heart rate even in the presence of increased
sympathetic tonus as measured by skin resistance. Systolic blood pressure and pulse pressure
were not found to change, indicating that the bradycardia was not induced by baroreceptor
effects. On the other hand, noxious stimuli and a conceptual task resulted in heart rate
acceleration, increased systolic blood pressure, peripheral vasoconstriction, and decreased skin
resistance. This evidence is taken to be consistent with a conceptual scheme which considers
cardiovascular activity as instrurm.ntal in enhancing, or rejecting, environmental inputs.

M1 Obrist, P. A., Howard, J. L., Lawler, J. E., Galosy, R. A., MeyersK. A., & Gaebelein, C. 1.
The cardiac-somatic interaction. In P. A. Obrist, A. H. BlacklJ. Brtner & L. V. DjCara
(Eds.), _Cardiovascular psychophysiology: Current ssues in re£!3osP mechanisms,
biofeedback, and methodologv. Chicago: Aldine, 1974.

Our purpose for studying the relationship between cardiovascular and somatic
activity is to shed some light cni the biological mechanisms by which behavioral and
cardiovascular processes interact. The necessity to resort to such a biological-mechanistic strategy
is indicated by thi ever increasing body of evidence which indicates that the relationship between
behavioral and cardiovascular events is quite complex and not understandable at a conceptual
level which links cardiovascular changes in some direct-unidimensional manner to behavioral
processes such as motivational or affective states. The complexity of the problem is perhaps best
illustrated by the variety of heart rate changes that have been observed in simple behavioral
paradigms N/ith heart rate sometimes increasing, decreasing, or changing in a biphasic or even
triphasic manner with regard to direction of change. There has been some effort to understand
these heart rate effects by recourse to cor.repts dealing with the organism's receptivity to
environmental events. For example, decreases in heart rate havc been associated with the
facilitation of organism-environmental interaction, such as with orienting responses in one
rontext (Graham and Clifton 1966) and with attention to environmental events in another (Lacey
and Lacey 1970), while heart rate increases have been proposed to be associated with defensive
reflexes or rejecti(,n of environmental intake. While there is evidence which indicates a certain
validity to these positioiis (e.g., Chapter 26, Lacey and Lacey), there is still other evidence which
is not consistent with them (see Chapter 25, Elliott; Elliott 1972; Hahn 1972, for overviews). To
us a biological strategy which focuses on the extrinsic neural-humoral mediating mechan~isms
which evoke cardiovascular effects would facilitate the resolution of such inconsistencies as well
as act to delineate the nature of the interaction between behavioral and cardiovascular processes
it. general. The justification for such a biological stralegy should become apparent in the
following sections of this chapter. They boil down to the point that we are dealing with a very
complex biological system both in regard to the function it serves and in the manner it is
controlled in achieving this function. For example, we shall present data which shows -over a
30-second period commencing with the preparatory signal of a stressful reaction task - a complex
display of heart rate changes which to us is uninterpretable with regard to behavioral significance
without consideration of the role of the cardiac innervations and of the relationship of these
heart rate changes to somatic activity.
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U12 Obrist, P. A., Howard, J. L., Sutterer, J. R.,Hennis, R. S., & Murrel, D. J. Cardiac-somatic
changes during a simple reaction time task: A developmental s:udy. lournal of
Experimental Child PsPchol , 1973, 16, 346-362.

The relationship during a s,,nple reaction time task between heart rate and four
measures of task irrelevant somatic activity was evaluated in four age groups of children, i.e., 4-,
5-, 8-, and 10-year-olds and young adults, in order to evaluate further a hypothesized coupling of
cardiac and somatic activity. At all age levels, phasic decreases in both heart rate and somatic
activity coincident with performance were found with the magnitude of the effect increasing with
age only on three somatic measures. However, tonic levels of both heiart rate and somatic activity
decreased with age. Performance on the reaction task was found to be inversely related to the
age-related phasic somatic eftects as well as age-related tonic heart rate and somatic activity.

M3e Obrist, P. A., & Webb, R. A. Cardiac-somatic coupling and reaction time.
Psychophysiolo , 1968, 4, 504. (Abstract)

Two experiments are reported which evaluate further in human Ss the relationship
between heart rate deceleration and the attenuation of several different aspects of
somatic-motor activity. In one experiment, 48 Ss were given 100 trials using a simple reaction
time task with a fixed 5 sec foreperiod. It was observed that around the period of responding,
heart rate decelerated, and bursts of spontaneou- EMG activity from the chin, as well as
respiratory frequency and amplitude decreased. The magnitude of the cardiac effect was directly
correlated with the magnitude ot the decrease in all three somatic measures. Similarly,
performance, i.e., faster reaction mime, was directly correlated to the magnitude of both the
caraiac decelera-tion and the attenuation of two of the three somatic activities.

A second experiment involving 26 Ss used simple aversive conditioning procedures
with a 7.0 ISI and controlled respiration. Here, still another aspect of somatic activity, eye
movements and blinking, were found to decrease around the time the UCS was expected on
nonreinforced L.est trials. The magnitude of this effect was directly correlated with the
anticipatory cardiac deceleration. The data also indicated that the inhibition of eye movements
and blinking may more sensitively reflect the attenuation of somatic activity which these
conditions initiate than bursts of spontaneous EMG activity.

604 Obrist, P. A., Webb, R. A., & Sutterer, J. R. Heart rate and somatic changes during
aversive conditioning and a simple reaction time task. Psychophysiololy, 1969, 5,696-723.

Four experiments are reported, all of which are concerned with evaluating in hu~ian
Ss the relationship between the deceleration of heart rate, observed to anticipate both avtrive
and non-aversive stimuli, and several aspects of somatic-motor activity. In a simple reaction time
task, a decrease in spontaneous bursts of EMG activity and both respiration amplitude and
frequency were tound to be concomitant with the deceleration of heart rate during the
foreperiod and to be directly correlated with reaction time. The decrease in anticipatory somatic
activity to an aversive stimulus was found in a second experiment to extend to spontaneous eye
movements and blinks, which also had a marked concomitance with the anticipatory deceleration
of heart rate. However, experimentally imposed somatic activity, i.e. continuous finger tapping,
increased in intensity around the time the UCS was expected. A third experiment provided
additional evidence that the anticipatory cardiac deceleration to aversive stimuli was not mediated
significantly by respiratory maneuvers. Finally, evidence was provided that the basis For the
spontaneous EMG bursts may be related to somatic responses elsewhere in the body, such as
postural adjustments.
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S Obrtst, P. A., Webb, R. A., Sutterer, J. R., & Howard, J. L. Cardiac deceleration and
reaction time: An evaluation of two hypotheses. Psychophysioloy, 1970, 6, 695-706.

The purpose of this experiment was to evaluate two hypotheses concerning the basis
of the association between performance on a simple reaction time (RT) task and the deceleration
of heart rate found as the S responds. The RT task consisted of 96 trials in which the foreperiod
was randomly varied between 2, 4, 8, and 16 sec. Two groups of 31 Ss each were used, with the
cardiac response blocked pharmacologically in one group, in order to determine if the occurrence
of the cardiac response facilitated performance through an afferent feedback mechanism. Two
aspects of somatic activity, EMG bursts from chin muscles and eye movements and blinks, were
also atassed in order to determine if the cardiac response and the associated behavioral
facilitative effects were linked to a common mediating process involving cardiac deceleration and
the inhibition of ongoing, task-irrelevant somatic activities.The latter hypothesis was consistently
supported. Blocking the cardiac response did not significantly influence performance. However, a
within-S analysis revealed a pronounced direct relationship between RT and the magnitude of the.
inhibition of somatic effects and the magnitude of the cardiac deceleration when the latter was
not blocked pharmacologically. These data along with several other Nines of evidence are
considered to indicate that heart rate deceleration may not be significantly involved in an
afferent mechanism but rather can be best understood as a peripherl manifestation of central
processs
an Obrist, W. D. Electroencephalographic approach to age changes in response •eed. In A. T.

Welford & J. E. Birren (Eds.), Behavior, i.ft, and the nervous system. Springfield, Ill.:
Thomas, 1965.

An attempt has been made to review the relevant literature on EEG and reaction
time, with the hope of suggesting possible mechanisms for senescent changes in speed of
response. Any hypothesis regarding such a mechanisfn must explain, not only the lengthening of
teaction time, itself, but also the considerable increase in its variability, both within and betwcen
individuals. As reported previously (Obrist, 1953), the standard deviation representing individual
differences ia reaction time may be twice as great for elderly people than for young adults, while
intra-individual variability increases 50 per cent. The question arises whether the large individual
differences and moment to moment variations characteristic of the senescent EEG are related to
the observed variability in reaction time.

An additional factor, not considered here, is the role of the autonomic nervous
system in regulating both EEG potentials and speed of response. Studies on the relation of
reaction time to cardiac cycle (Birren, Cardorn and Phillips, 1963) might well tie in with the
concepts of reticular activation aihd cortical excitability mentioned above.

Before definitive answers can be obtained, a more direct approach seems necessary.
One possibility is the modification of EEG frequency by experimental procedures, while
simultaneously measuring reaction time. Induced anoxia might be one such method. Other
techniques for altering EEG frequency might also be used, such as photic driving (Mundy-Castle,
1953), sensory deprivation (Zubek and Welch, 1963), or prolonged body immobilization (Zubek
and Welgosh, 1963). In this connect :ion, Williams and associates (1962) have already demonstrated
a high correlation between reaction time and EEG, when both variables are altered by sleep
deprivatioci. The application of these specialized techniques to problems of aging is an intriguing
challenge for future research.
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MY Offenloch, K. Neurophysiological Assessment oj func~tionAl states of the brain. In K. E.
Klein (Ed.), Methods to Assess vworkloAd. AGARD Conference I'reprint, No. 216, 1977.
1Available from: National Technical lnformaticwe Service. 528-5 Port Royal Road,
Springfield, VA 221 S1.) (Abstract)

By neurophysiologicaO nethods functionai suates. of the brain can be As~sessed with a
precision that surpases that of classical psychological methods.

Not only neurological %Vndromes, but aho J.ight changes on the vigilance scale as
well as ftinctional chianges assoociAted with cognitive And intellectual functions can be correlated
with the electrical actrotity of the brain and thereby objectively determined,

gf OXle, W. T. Lateral eye movements: Their relationship to reading sWeed, cardiac
responsivity and ability to process speeded informwti-'3n in th~e visual and auditory modes
(Doctoral dissertation, Washington University, 197 1). Dbsertation Abstracts Intenational
1972, 33. 1293B. (University Microfilms No. 72-1 7, 958)

In the present exiperiment, we eAplored the relatitntship between the tendency of
iaidividuals to iook to the right or the left while answering questions and thtir reading speed, eye
movements during reading, cardiac respontsivity, modality preft.rences and ability to handle
speeded information in the visual. Auditorý And t4udio-v isual modes. Forty-eight college freshm'en
and sophomvkres, twenty-four of whom were classified as right movers and twenty-foui as left
movers. took five tests. The first test was a batierV of twenty questions, during which the
direction of their eye ,novemwnts in responding to the 4.uestions was noted; eleven or more
r esponses in one direction resulted in the individual being classified as a mover in that direction.

Amajority of subjects made 75% or more oll their responses in one direction. The Stroop Word
Color Test was then administered. Next two reading passages were given, one of whizh was read
silenti; and the other orally. During the reading of these two passages, the subject's eye
movements were recorded. Finally, each subject took a speeded information processng task,
-which consisted of nine conditions: for each of three mode.s of prese'ntation, auditory, visual and
audio.-vssua there were three speeds of presentation. 200, 250 And 300 wpm. The subject's heart
rate was moni*ored throughout the entire experiment. A series of hypotheses About right and leftI
mover performance on each of these testý, was examined.

From the data it was cond~uded that:

(1) Left movers demonsi~rAted greater interference in reading the Stroop Word Color
Test than did right movers.

2) Right movers read faster than left movers in both silent And oral reading.

(3) Left mnovers Are generallV poorer readers when reading silently. Analysis of their
eye movement records showed that left movers used a larger number of fixatinns, made more
regressions, and had pauses of longer duration in reading siently than did right movers.

(4) The eye movement factor that seemed to be largely responsable for tt e longer
reading time of left movers was pause duration. Only pause duration differentiated betwecn right
and left movers on both the oral and silent reading passa~ges, with left movers always showing
longer pause durations.

(5) Left mn rs show greater ~.ardiac responsivitv to stress. responsivity being defined
by cardiac acceleration. in response to the cw card of the Stro-vp Word Color Test left movers
showed a greater cardiac acceleration than did right movers. In r-sponse to the speeded
information processing task, left movers showed acceleration, while right movers showed cardiac
deceleration.
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(6) A greater ",imber of left movers preferred to receive infjrmation in the auditory
mode than did right mo ers.

S O'Gorman, 1. G. Change in stimulus conditions and the orienting response.
Psychophvsioloi,, 1973, 10, 465-470.

A review of studies ,f the orienting response (OR) to variation in the properties of a
stimulus holiowing habituation indicates that not all human Ss respond with an OR to changes of
which they are aware and that the only conditions which have been found consistently to elicit
the OR are an increase in the intensity of the stimulus and change in the modality of its
presentation. These findiigs pose problems for the theory of the OR advanced by Sokolov
(1960) which makes no allowani.e for a failure to respond to a detectable change in stimulation
and which relies for support on evidence that the OR is not elicited solely as a consequence of the
activating effects of stimulation. To clarify some of these problems it is suggested that future
work should investigate the effict of complete omission of the stimulus on the OR and the
contribution of individual differences in physiological responsiveness and perceived significance
of a change to elicitation of the OR.

"OWO O'Hanlon, I., Jr. Adrtna~in, noradrenalin and performance in a visual yigilance task
(Report No. 750-5). Goleta, -at f.: Human Fa.ctors Research, Inc_ 1964.

An experiment was undertaken to determine th- relationship between signal
detection performance and plasma concentrations of adrenalin and noradrenalin in adult male
observers undertaking a visual vigilance task.

Signal difficulty level was equated for each observer in a preliminary experiment and
each individual was then classfied as either a decrementing or non-decrementing observer on the
basis of his performance on a conventional visual vigilance task.

In the subsequent experiment, six decrementing and three non-dlecrementlng
observers undertook a conventional visual vigilance task. Seven other decrementing observers
served as controls and viewed movies under otherwise identical conditions. Blood samples were
drawn frum the observers periodically during the vigilance task and these were analyzed
fluorometricall, for adrenidin and noradrenalin.

It was concluded that the level of circulating adrenalin declines in decrementinIg
observers luring a conventional vigilance task in a manner positively related to their performance
on the ..Ask. The data also suggest that the amount of circulating adrenalin is differentidly
affectet in decrementing and non-decrernenting observers.

No conclusions were reached .-earding the observers' noradrenalin production
during the vigil. e task. Remarkable elevations of some observers' noradrenalin levels were seen
in both experimf ntal and control conditions, but this finding was not consistent throughout the
group.
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891 O'Hanlon, J. F., Jr. Adrenaline and noradrenaline: Relation to performance in a visual
vigilance task. Science, 1965, ILO, 507-509.

Concentrations of adrenaline and noradrenaline in the circulating blood were
measured in blood samples taken from subjects as they performed a visual vigilance: task or
viewed movies, both under identical conditions. For those subjects whose vigilance performance
deteriorated it was concluded that the concentration of circulating adrenaline decreases asa
functiot, of time in a vigilance task but not under "relaxed" conditions, such as watching motion
pictures.

892 O'Hanlon, J. F., Jr. Vigilance, Le plasma catecholamines,.Laid r!elatd biochemical and
physiolouicdl variables (Report No. 7-2.Goleta, Calif.: Fluman Factors Res--arclh, Inc.,
1970.

Twelve young men were selected is subjects from a larger group of applicants. The
performed a simple signal detection task while seated in a specially constructed chamber. The task
consisted of responding to each in a series of light pulses (I sec) occurring on a visual
display at a rate of once every 3 seconds. There were two types of pulses: the brighter was a
signal, the dimmer, a nonsignal. After each pul the subjects had to indicate one of four
levels of confidence thai a pulse was a signal.

After preliminary studies, each subject undertook a primary experiment in which lie
perforrmed the basic task on two separate occasions. In V1, signals were easier to identify and in

V2, they were more difficult. On both occasions, the subjects performed under alerted and
monotonous conditions. On yet another occasion, they experienced a control condition (C) in
ohich they merely viewed a series of bland slide projections. Correct and false signal
identifications were measured in V1 and V2. Adren aline, noradrenaline, free fatty acids (FFA),
and glucose (G) were measured in serial blood samples taken in Vi, V2, and C. Mean and
variability of heart rate (HR and SD HR), basal palmar skin conductance (BC), galvanic skin
re- -se frequency (GSR), iespiratory rate (RR), and nuck muscle tension (T) were measured

cotitiuously in V1, V2, and C.

The major conclusions were (1) the catecholarnine hormones are always active in the
regulation of metabolic processes; (2) physiological arousal increases from resting as subjects
begin a vigilance task and declines to resting as their performance deteriorates during the tasks;
(3) heart rate variability is closely related to vigilance and a measure of tile heart rate variability

might be valu.,Wkc as an index of vigilance; and, (4) circulating adrenaline is related to vigilance, as
predicted.

893 O'Hanlon, j. F., Jr. Hiart rate variability: A new index of driver alertness/fatigue (Report
No. 1712-1). Goleta, Calif.: Human Factors Research, Inc., 1971.

This Ywas an in\-:stigation of the relationship between heart rate variability (HRV)
and driver performance, and a preliminary test of an experimental alertness indicator (EAI), i. e.,
a devic, for measuring HRV. Three drive s drove on a round-the-clock basis for 5 days over a
364-n;•'(e circuit on a California highway. HRV and driver error frequency were recorded and
analyzed to determine effects of driving time, rest breaks, traffic event frequency, and other
variables. The results showed that (I) HRV increased markedly with driving time; (2) IIRV
recovered after rest; (3) HRV might have reflected feature.; of the highway's geometric
configuration; (4) IIRV dropped substantially after the occurrence of evenlts whici re-alerted the
drivers; and (5) [IRV was little infl :d by traffic event frequency per se. It was concluded
that HRV is reiated to driver alertness;fAt:gue and that the EAI has prIomise Of b-eing useful for
estimating the ievel oi driver alertness.
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8i4 O'Hanlon, J. F., Jr., & Beatty, J. Catecholamine correlates of radar monitoring
performance. Bio!otical Psychology, 1976, 4, 293-304.

Twc experiments were conducted in which target detection performance was
measured for male and female subjects engaged in a simulated radar monitoring task. In the first,
20 subjects performed for 2 h; in the second, 28 subjects for 1 h. Adrenaline excretion rate was
significantly correlated with performance efficiency in both cases. Task duration and subjcct sex
had no effect upon that correlation. The results of the two experiments were combined to show a
general adrenal i ne/performance relationship.

WS O'Hanlon, J. F., & Beatty, J. Concurrence of electroencephalographic and performance
changes during a simulated radar watch and some implications for the arousal theory of
vigilance. In R. R. Mackie (Ed.), Vigilance: Theory, operational performance, and
Physiological correlates. New York: Plenum Press, 1977.

A simulated sea-surveillance radar monitoring task was employed to study the
relationships between target detection performance and various physiological indices of arousal.
Twety subjects performed the task under different conditions designed to elicit differences in
pert , mance and arousal. Detection performance efficiency deteriorated as a function of time
during a prolonged radar watch and improved during short alerted tests. Electrocortical changes
involving the percentages of theta, alpha and beta waves in the spontaneous EEG were
consistent in showing a relationship between arousal and vigilance. Mean changes in heart rate
a-.curred in parallel with performance and electrocortical changes under certain conditions, but
the former were not correlated with the latter on an individual basis. The work is viewed as
supporting an extension of the arousal hypothesis of vigilance into more practical occupational
settings.

W O'Hanlon, J. F,, & Horvath, S. M. Physiological reactions of men performing monotonous
work. Physio!ogist, 1969, 12, 319. (Abstract)

The blood concentrations of adrenaline (A), noradrenaline (NA), free fatty acids
(FFA) and glucose (G), and the heart iate (HR), respiratory rate (RR), palmar skin conductance
(C) and neck muscle tension (EMG) were studieJ in 11 men under basal conditions and in each of
three different experimental conditions. The latter were two monotonous (vigilan,-e) tasks that
differed in difficulty, awd a controltask reqijiring relaxed attention. In experimental conditicns the
subject sat within a special chamber which permitted him to perform the tisk while blood samples
could be taken and electrophysiological iecordings made wvithot t alerting him to the fact. AI
a-'ci [NAI were analyzec by a new, uniquely sensitive assay. Comparing both vigilance tasks to the
control the resultr were: [A] was higher at unset but no different later; [G] was no different; HR
was higher Lut HR variaibility was mucn less; RR was higher; and C was gv'eater but C variability
was much less. [NA1 Increased in all tasks in a manner related to IFFA] and EMG. [A], HR
variability, RR, C, aid EMG were rzlated to vigilance performance. Conclusion: monotonous

"mental" work evokes widespread physiological reactions, some of which parallel performance.
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897 O'Hanlon, J. F., & Horvath, S. M. Interrelationships among performance, circulating
concentrations of adrenaline, noradrenaline, glucose, and the free fatty acids in men
performing a monitoring task. Psvchowhysiology, 1973, 1 251-259.

This investigation was to determine the interrelationships among circulating

concentrations of adrenaline, noradrenaline, glucose, and "free" fatty acids ([A], [NAi, [G1,
and (FFAI, respectively) in 11 men at rest and while performing "mental" work, i.e., a visual
monitoring task. They performed the task and on another occasion served in a control condit;on

where they merely watched slide projections. Basal levels of both [A] and INA] were inversely
related to [GI. [A] increased initially during the task but later returned to its basal level. The
decline in [A] paralleled performance in the task. [A] declined to below its basal level in the control
condition. [NA] was not related to performance in the task. [G] and [FFA] were elevated with
respect to corresponding basal levels in both the task and the control condition, The bL~aring of
the results upon current theories of human vigilance and psychophysiological mobilization during
mental work was discussed.

We O'Hanlon, J. F., Jr., & Horvath, S. M. Neuroendocrine, cardiorespiratory, and performance
reactions of hypoxic men during a monitoring task. Aaros ace Medicine, 1973, 44,
129-134.

Eight unacclimatized male subjects performed a 3 hr visual monitoring task while
inspiring an oxygen-nitrogen mixture with P0  = 90 mm Hg (4,570 m equivalent). They
performed the same task inspiring a mixture with P0 2 159 mm Hg (sea level). Heart ratc (HR),
ventilatory volume (VE),. and respiratory rate (11R) were measured and average tidal volume
(VT) was calculated. Serial blood samples were obtained for determinations of plasma cortisol
(ICI), noradrenaline ([NA]), and adrenaline ([A]).

Monitoring performat.ces were impaired by low P0 2  HR and VE increased as
expected. Concurrently, [C] and [A] increased, and [NA] decreased. Strong correlations were
found betw.,een performance impairment and each of the following: 1) increased VT ; 2)
decreased 4,R; and 3) increased [C]. It was concluded that human vigilace is rapidly and, in
individual cases, severely impaired by hypoxia experienced inspiring the low P02 and that the
degree of impairnwrit nv'y be predicted from measurements of concurrent physiological changes,
particularly that involving ICI.

O00 O'Hanlon, J. F., Jr., & Kelley, G. R. A psychophysiological, evaluation 2f devices f
preventing lane drift and run-off-road accidents (Report No. 1736-F). Goleta, Calif.:
Human Factors Rpesearch, Inc., 1974.

Several signs of progressively declining arousal were observcd in the Ss as a function
of elapsed driving time. These included: (1) slowing of the mean heart rate; and (2) 5lowing of
the EEG alpha rhythm with rising electrical power within the alpha frequency band. These
physiological changes occurred concurrently with progressive deterioration in the Ss' lateral
road-tracking performance and vehicle speed control.
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900 O'Hanlon, J. F., & Kelley, G. R. Comparison of performance and physiological changes
between drivers who perform well and poorly during prolonged vehicular operation. In R.
R. Mackie (Ed.), Vigilance: Theory, operational performance, and physiological correlates.
New York: Plenum Press, 1977.

The study consisted of three separate experiments, conducted on different
California State Highway circuits. The results were obtained from an extensive reanalysis of data,
which had the purpose of discriminating performance and physiological differenices between
groups of drivers who operated a specially instrumented vehicle well or poorly under prolonged,
monotonous night driving conditions. The vigilance of better and poorer groups of drivers,
defined by the frequency of inadvertent drifting from the assigned traffic lane, deteriorated to
different degrees. Self assessments of alertness and fatigue were related to driving performance of
better and poorer groups or the sarne highway but not between different highways. Better and
poorer groups of drivers differed with respect to mean heart rate, heart rate variability, and
power within the alpha, theta, and delta electroencephalogram (EEG) frequency bands. The types
and degrees of physiological differences were strongly dependent upon the driver sample and
highway circuit. Finally, unequivocal EEG signs of transient sleep were found in a few drivers
showing extreme behavioral signs of fatigue and low vigilance.

901 O'Hanlon, J. F., Jr., Royal, J. W., & Beatty, J. EEG theta regulation and radar monitorin
performance in a controlled field experiment (Report No. 1738-F). Goleta, Calif.: Human
Factors Reseirch, Inc., 1975.

Fourteen Naval Petty Officers, rated either as Air Controller or Operatins Specialist
(radarman), and stationed at the USN Pacific Missile Range, Point Mugu, California, were trained
to suppress parietal-orcipital theta activity in EEG. Each subject then performed a 3-hour
vigilance task on two , 'casions, once with and once withuut theta contingent feedback. The
task was administered using real radar equipment and imagery. It consisted of observing a display
to detect the occasional appearance of a simulated "missile" contact which rapidly moved from
the display periphery to its center. Missile 'detection latency during the third hour of the task
was better with feedback, alitough the result was only marginally significant (p < .10). Theta
activity was, however, significantly lower in the feedback condition. Two subitcts who alone
showed the "vigilance decrerent" without feedback performed much better whilc suppressing
theta activity when feedback was administered.
902 Ohkubo, T. Psycho-physinlogical reactions of vehicle drivers under long distaiie driving.

Proceedings of the 6th Congress of the !nternational Ergonomics Association, 1976,
299-303.

The human performances while driving of both skilled and unskilled drivers totaling 4
male university students mainly between 22-24 years of age, were investigated on the three
different kinds of road conditions such i= a high speed dutomobile iest course, a common road
and the high way. The relationship betweer driving skill and psycho-physiolz-gical functions was
discussed. Results show the difference due to tho degree of skill ir. driving with some such
physiological parameters as pulse levet and CFF. The external driving enviroriment a.id the
dviving hours were also greatly mnfluential.
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903 Ohmare, A., & Lader, M. Selective attention and "habituation" of the audftory averaged
evoked response in humans. Physiclogy and Behavior, 1 972,1~, 79-85.

The study examined the eftects of direction of atterntion and interstimulus Interval
on the rate of amplitude decrement over time of the vertex auditory evoked response in humans.
Sihort-term orstimulus-ty-stlmulus changes were studied by averagihig across 24 discretely
p.-esented tra~ns each of 10 click stimuli. Long-terin or train-by-train changes were studied by
averaging over successive pairs of trthi~s. When attending to the clicks, the sut*ect performed a
reaction-time (RT) task with the click As stimulus-, when ignoring the clicks he performed RTs to
a visual stimulus. Both 'ýT tasks were performed with irregular interstimulus intervals of 2.4 - 3.6
and 8-1 2s, each of the 8 subjects being thus studied on fuur occasions. Attending to the stimuli
and long interstirnulus intervals enhanced the P1 -N 1-P2 components. Amplitude decreas;ed over
time both for stimulus-by-stimulus and train-by-train averages. Somewhat unexpectedly, there
was a slight but significant tendency towards a steeper slope for the attending anj long
interstimulus hiterval conditions, probably foilowing on the larger initial responses for these
conditions.

' 94 01st, E. H. Van, Orik'beke, J. F., & Fokkema, S. D. Skin conductanc~e as a measure of tonic
and phasic arousal. Acta Ps chologica , 1967, 27, '462.

This paper offers z. number of suggestions, that are inspired by cuirrent experimental
literature and neuropnysiologicai findin~gs.

OM5 Opton, E. M., Jr. Electroen,-ephialgrap'mi. correlates of performanci. lapses on an attention
task in young and old men. (Doctor.ai dissertation, Duke University, 1963). Dissertation

Abstracts, 1964, 25, 3115-3116. (University Microfilms No. 64-11, 7361

EEG ampP'ude der"iied from bef-ire to after tile. stimulus whc-n correct response5were made; and amp'itude ro%e when errors of omnisskiu wer. made. T~ere was mi change i--
amplit~cde from before to it-ter neutr'1 stimuli or in t.he contuol 'Conditions. Th-e. fincdin. of
dlesynchron~ldti~l with cor,-ect respGnwi was consistent with the results of other s~udies, bit the
augmentz.:ion of EEG amplitude with omissiovi errors wan unevpe-ted. The transient nature ofIthe increase in amnpi;tude suggesied an explarat~ion in terms of inhibition. It wrs noted that many
earlier studies have indicatedt lk a variety of types of K~havioral inhibition are acc.-smnpanied by
augmentation _)f EEG alpttw amplitude.

Age Oferences in CEG amplit;ude were not stwtistically significani. The trend was
for old suhjects to show greater desynz'ironizat~on with correct respones, hut also gi'eater
increas-c i~i amrplitude .*Ith ortlissiorn -.-rors than young subtects. Becaug- there wvas no significant
agge Jiffurencv in eiener performance or EEG it w-is not possible te answe, if queston whether
age-rclated lap~r~s cf performance art, associated wivh simultar'ecus age-related EEG phOnomena,
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005 Orlebeke, J. F. The cardiac component of the orienting reflex as a function of the
pre-stimulus level. Proceedings 9f the 2nd Meeting of Psychologists from the Danubian I -

Countries. Smolenice,, Czechoslovakia, 28 Sept. -_3 QCt. 1970. [abstract in Studia
Psychologlica.

The fact that pre-stimulus level i. a scarcely controlled variable in 'heartralte-OR'
research was hypothesized to be a major cause ,f the uncertainty as to the exact form of the OR
in hezrtrate. Deceleration of FIR during the first few beats was characteristic for all fifty-seven Ss.
This decrease was significantly more pronounced for Ss with a high pre-stimulus level as
compared with Ss with a low pre-stimulus level. After this first deceleration, acceleiration
Followed which significantly surpassed the original pre-s¶!mulus level only for the low

t;-"-,uus level Ss. The first deceleration, averaged over all Ss, could be found only on the first
t trials. Later trials showed a slow, long run acceleration.

007 Ornitz, E. M., Ritvo, E. R.,Carr, E. M., LaFranchi, S., & Walter, R. D. The effect of sleep
onset on the auditory averaged evoked response. Electroencephalography and Clinical
Neurophysiology, 1967, 23,335-341.

1. The a,,ditory averaged evoked response (AER) was measured at the vertex in
normal children and adults during the transition from wakefulness to sleer and throughout the
night.

2. The amplitude of wave N2 at sleep onset was compared to values obtained during
subsequent non-REM sleep.

3. The largest amplitude of wave N2 of the auditory AER occurred within 10 min of
sleep onset regardless of state of consciousness.

4. The influence of sleep onset per se on wave N2 amplitude was greater than the
effect of stage of sleep.

.
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90 Orr, W C. The relationship between stimulus information, reaction time, and cortical
habituation (Doctoral dissertation, Washington University, 1969). Dissertation Abstracts
International, 1970, 30, 3411 B-3412B. (University Microfilms No. 69-22,549)

This investigation was an attempt to study systematical!y the effects of uncertainty,

or stimulus information, on the rate of cortical habituation. Subjects were randomly assigned to
one of three groups varying in uncertainty. Group I was presented with a random series of tones
with a regular intertrial interval and instructed to respond to all tones. Group II was presented
with the same series of tones and instructions but with a random intertrial interval. Group III was
treated exactly the same as group II except they were required to respond only to one of the two
different tones presented. EEG alpha desynchrony duration, GSR conductance change, and
reaction time (RT) were the dependent measures.

The results showed uncertainty to have no si&;- t i ,nt effect on any of the
neurophysiological measures. There was, however, a significant effect on the RT measure. There
was no significant correlation between the magnitude of the EEG and GSR responses, nor was
there any between these measures and RT. The GSR and EEG showed no decrease in the percent
of responses, no habituation, and nn group differences. There was no decrease in the freaency
of the dominant alpha activity as a result of the experimental procedure.

The lack of significant group differences was interpreted as due to the RT task
which may have raised the level of arousal for all groups, and perhaps their physiological
responsiveness. Thi! could have had the effect of equalizing all Ss on these variables, thus
reducing between group differences. It was shown that, contrary to prevailing notions,
habituation can occur without noticeable decreases in cortical or behavioral arousal. This, along
with the lack of significant relationships between both GSR, EEG and RT indicated that current
notions regarding the orienting response as dependent upon a unitary cortical model must be
revised. The present findings as well as other accumulated data point towards a reinterpretation
of nervous system functioning in more complicated terms. For example, it appears that the
orienting response and habituation are phenomena which have characteristics that are dependent
upon the physiological system being studied. These-separate systems may also be characterized in
terms of their degree of interaction with higher neural centers. Relevant to these results and the
present discussion are current notions in arousal theory. Here again research has shown
physiological systems to be quite independent.Of particular interest is the fact that investigators
in this area have also failed to find any relationship between autonomic, electrocortical, and
behavioral measures. Such data lend credence to the results of this i'nvestigation as well as their
interpretation.

With regard to the terminal orienting response (TOR), it appeared that the
GSR-TOR may be a mneasure of the ability of the organism to conceptualize time. The EEG-TOR,
however, seems to be somewhat independent of the autonomic measure thereby casting doubt as
to its validity as a measure of the time binding capacity of the orga,|ism. It is suggested that the
EEG-TOR may be related to quite different parameters than the GSR-TOR.

The failure of the spectral analysis to show any decrease in the frequency of the
dominant alpha activity is subject to a meaningful interpretation. The relatively little work which
has been done in this area has shown decreases in the alpha range in situations quite conducive to
a decrease in physiological as well as behavioral arousal. Since no evidence for the latter was
apparent in the present study, it is felt that the decrease in the frequency of the dominant alpha
activity may accurately reflect a decrease in behavioral arousal.
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909 Orr, W. C., Hoffman, H. J., & Hegge, F. W. Ultradian rhythms in extended performance.
Aerospace Medicine, 1974, 45,995-1000.

Eleven healthy, young, male volunteers participated in an experiment which involvcd
continuous rmonitoring of heart rate and performance on a complex vigilance task. Ss were
instructed to continue in the experiment for 48 h or until they felt they could g. no longer. All
Ss completed at least 21 h and two went for 44 h. Heart rate and behavioral measures were
subjected to complex demodulation analysis to determine the phase and amplitutde characteristics
of cyclic activity with a period in the range of 90 min ± 5 min. The primary findings were a
rather marked increase in the amplitude of the 90 min rhythm, in both heart rate and
r-•iformance measures, as the time on task increased, reaching their highest level near the end of
the run. This response pattern ,'as fnwid in over three-fourths of the analyses done, and was
independent of the total dui . ji, :. experiment. It is felt that this marked amplitude rise is
indicative of a cummulative st.'•U; -pJnsC. In most subjects, the heart rate response did appear
to show some similarity -,f pa.tttrvi-- with at least one of the behavioral measures. Only three Ss
showed an obvious dissw-,vation between heart rate and the behavioral responses. There was,
however, greater Loncordance of response patterning among the behavioral measures.

910 Orr, W. C., & Stern, J. A. The relationship between stimulus information, reaction time,
and cortical habituation. PsvchoDhvsiology, 1970,7, 475-484.

This investigation was an attempt to study systematically the effects of uncertainty,
or 3timulus irnformation, on habituation rate. Subjects were randomly assigned to one of three
conditions varying in uncertainty. EEG alpha desynchrony duration, electrodermal conductance
change, and reaction time were the dependent measures. The results showed uncertainty to have
no significant effect on any of the neurophysiological measures. There was a significant effect on
the reaction time measure. There was no significant. correlation beLween the EEG and
electrodermal response measures, nor was there any correlation between either of these measures
and reaction time. Results indicated that habituation could occur in the presence of cortical and
behavioral arousal. It was concluded that information may be most meaningfully meaturedbehaviorally and that habituation parameters are dependent upon the pnysiological system being

measured.

911 Osborne, K., & Gale, A. Bilateral EEG differentiatio'u. of stimuli. BWological Psychology,
1976.4, in press.

The EEG of both right and left hemispheres was monitored while subjectu were
presented with words, music, arithmetical problems and abstract pirtures, (;5 trials of each
treatment, 9 sec per trial). The left side of the braii was most activated during prtusentation of wor-Js
and arithmetic, whilst the right side of the brain was most activated during the pr'!sentation of
music. In addition, the right side was more activated during exposure to arithri .aic than towords. The pictures were not dMfferentiated iy either side of thc brair, and it is possible that zhey
had the effect of deactivating or relaxing th~e subjec.t.

A
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912 Oswalhd ,. The EEG, visual imagery and attention. QMjrjj lournal of Experimental
PsvchooIlk, 1957,9, 113-118.

Desynchrunization of the E.E.G. during thinking occurs when difficulty arises. It is
further recognized that difficulty of Atself is the common precipitant of visual im.gery in
thinking. It is therefore proposed that suppression of the alpha rhythm may ue explicable solely
in terms of mechanisms controlling alertness, without reference to visual imagery. It is recognised
that, of the human senses, vision is that which, when stimulated, most readily raises the ;evel of
attentoonl.

In conclusion It is necessaty to consider the theoretical premises of the belief that
the-e exists an association between the E.E.G. and imagery. These are: (1) That thinking
proceeds by the manipulation of images, as Short (1953) seems to believe. (2) That there exist
imaginal typei.

The first premise is one, the popularity of which has considerably decreased in the
last SO years and would be contested by many, e.g. Woodworth (1915). Humphrey (1951) has
reviewed much of the experimental work on this problem.

The second premise is also one which has been doubted. Vernon (1937) wrote, "the
evidence for clear-cut visual, auditory, kinaesthetic and verbal types is -xcessively small."
Humphrey (1951) has eferred to "the outmoded doctrine of imaginal types."

It is suggesCed that on both theoretical and experimental grounds, the claim that
there exists a corraLtion between imagery and the E.E.G. merits scrutiny and re-evaluation.

913 Oswald, I. Experimental studies of rhythm, anxiety and cerebral vigilance. lournal 2.f
Mental Scienice, 1959,105, 269-294.

Initially, a voiunteer who had bten subjected to very intense, irregular electric
sl•ocks, rapidly we-it to sleep one day when the shocks were less strong than he expected.

Further volunteers, who reteived regular, strong, electric shocks also went to sleep.Hahi',u.tion of the glvznec .kin response, and feelings o derealization occurred. Other subjects

weie tubjected to the difficult task of listning fok brief tones at tht; lower limit of audibili'y,
occurring At regular intervals. Again theru was an insistent tendency for sleep to appear over each
session as a whole and for EEG sleep signs tc' occur between each stimu!us-response, coming and
going at, e.g. 3-second intervals.

Further explriments were carNed out in which, for periods of an hour, subjects
moved rhvthmically to loud jazz music. On,•e again, EEG sleep signs appeared for lonsp periods,
even thoaigh movemeot continued. The quality of the latter tended to become impaired however.
Once aga;n EEG signs, ks of fluctuation betweer alertness and sleep, at the rate of movement,
were seen, Sleep appeared during movenrnt to the loudest and most violent music, but most
markedly when a swtee clarinet solo followed. Also when clapping and cheering helped the
iubiect's etcao to a dream-world.

In the experiments. the respiration tended to synchronize with the movement
thythm. jazz rhythms occasionaily caused hyporventhiation. Characteristic differences between
sleep and a~ertness were apparent in the shapo of the respiratory curve.
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Head's term "vigilance" was considered especially suitable to denote the varying
cerebral states revealed by the EEG, especially when such variations were very rapid, or
were localized to the rolandic areas, or even to the rotandic area contralateral to the hand in use.
The hypothesis that the changes seen in these areas are related to proprioceptive afferents, was
not supported.

014 Oswald, I. The human alpha rhythm and visual alertness. Electroenceohalorwh~ly AndI
Clinical NeurophysILoy, 1959, U. 601-.602. (Abstract)

The blocking of the hum-in alpht rhythm has been believed on the one hand to be a
part of general "arousal" or, alternatively, to be rtlated specifically to visual activity.

Thirteen subjects listened with eves open for a faint tone preceded by a regularly
recurring warning signal. Initially no alpha rhythms were seen. Eventually alpha rhythms were,
more or less continuous. During an intermediate stage, in five subjects, alpha. rhythms appeared
at the times of intent auditory alertness. The alpha rhythm was accs.upanied by loss of ocular
fixation and accommodation.

It is proposed that alpha blocking represents increase of specific visual alerti.ess
which may be but one component of general arousal. Specific auditory alertness may be
accompanied by reciprocal inhibition of visual functions, at the periphery, during traummission.,

and centrally.

0 Oswald, i. $lee"ing and wakinj: Physiolog and esvcholoay. Amsterdam & New York:
Elsevier, 1962.

Amonrg the topics discussed in this book are:

Sleep and consciousness

The cerehral cortex

Vigilance

SleeF in different species I
The physiological basis of human sleip

Subcortical regui.tion of human sleep

Consciousness, baroceptor impulses and respiration

The carotid sinmis and human sleep-reac•ions

Conticofugal influences on Zhe h'jman reticular formation

Thc decline, of cerebral vigilance

Reaction time and sensoy threshold

Sensory discrimination

Memory and sleep

Movement In sleep
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Muscular tonus and 4•igilance

Momentary episodes of sleep

Denials of having slept

Attention and imagery

Attention

Attention by control a-. the periphery and in transmission

Central mechanisms of attention

What evokes and dirmts attention

Imagery

* Environmental uniformity

Image are constructions derived fr.)n hidden meaning

"Meaning" behind the conscious event

Images with effort and with relaxation

Summing-up

Some phy~ioiogicMl functions

Changes with sleep

The respiraton

The need for sleep

Rhythms and cycles

• Oswald, i. The experimental study of lep. P Medical Bulletin, 1964,21, 60-64.

Sleep and wakefulness, reuiatd as they are by braintem mechanisms, are not to
be thought of a. d3chotomous but as extending alonf one continuum. Shifts in the direction of
sleep can be both brief and frequent, with consequent effects upon behaviour.

The study of thinking and other activities during conditions of sleep and drowsiness
"has been rathier neglected. Two principal kinds of sleep are now recognized, one of which is

I> particular r.lyated to dheaming.
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917 Oswald, I., TFaylor, A. M., & Treisman, M. Cortical function during hu.man sleep. In G. E.
W. Wolstenholrne & M. O'Connor (Eds.), [j3S M~r qf &ffLBoton: Little, Srowvri, 1960.

It would appear from these results that complex auditory discrimin. lions can occur
in the sleeping human subject (in sleep as deep as, or deeper than, the C stage) prior to arousal as
manifested by the K complex.

In addition tl~e galvanic skin reponses were recorded. Whtn subjects were awake
these responses hebituated to zero, but the stimuli were going on ceaselesisly and. when the
subjects went to sleep, in some the responses cime back.. Galvanic skin responses were seen to
occur tar more often after the forward-played nams than after the backward ones du'~ng sleep.

ItI may be pointed out that although theme backward And forward-played names were
identical total physical stimuli their pattern of loudness distribution in time had been altered. A
name mna, be louui arnd Abrupt. in its onset and quiet and gradual in its offset. Somrething that
comes oni gradually is likely to be l~es arousing 'han something that comes on sharply.. We
therefore catried out experiments using patterns of tones of increasing loudness. alternating with
similar patterns of decreasing loudness, the total duration of each being half a second. These were
played at seven-second intervals and ft was shown that this loudness distribution factor, with
stimuli of this duration, could not account for our re~ults.

The experiments support the view that the sleeping human brain can carry out
discriminations of such A degree of complexity as to render it highly likely that the cortex
continues to function during sleep, and that exciting signals from the cortex to the reticular
formation play a major role in arousal.

96Otto, D. A., Beniginus, V. A., Ryan, 1. J., A Leifer, 1.L. Slow potential components of
stimnulus, response and preparatory processes in man. In J.E. flesmedt (Ed.). Prwressi
clinical tneurophysiolev. Vol. 1. Attention, volunty. I ~rn-eAted
cerebral potentials. Basel, Switzerland: Karger, 1977.

This study was undertaken to elabo~'ate slow potential patterns associated with the
preparation for And execution of sustained motor response. Preparatory and holding intervals af
varying length were used to examine the interaction of the contingent negative variation (CNV).
M~e readiness potential (RP), and the late positive component (LPC) of the sensory evoked
rrespanse. The topographical distribution of motor-related potentials at frontal, central, and
parieta~l midline sites was also &ssessed in cued and non-cued response conditions.

A slow positive response-related component (PRC) was observed during %mitaned
btitton-pressivig ;n the absence of external stimuli. When sustained motor response was
superimposed on a CNV-elkitmr*intmral, a Jecrement in negativity was observed. The CNV. RP,
LPC. and PRC appear to sumniate linearly ini complex slow potentials recorik'd. on the scalp.

A multiple regression model was constructed to evaluate the contribution of CNV,
RP. LPC, and PRC componienas to observed waveforms. The model provided a remarkably
accurate approximation of empirical waveforms aid accounted for 68-86%cA the variance in
observed datAt. Results w1gest ihat the CNV And RP contribute differentiAllN to slow potentials
over different parts of the 1brain And probably reflect separate generator mechansims. The mode)
thus offers a promising wethod for teasing apart the function~al com~pon~ents of c.orplex
event-related potentials of the brain.
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" Otto, D. A., A Leiter, L. J. The effect of modifying response and performance feedback
parameters on the CNV in humars. ElectroSen hamr y and- as Neuroa n siol
1973,iSui1!a 3)J291-37.

The effect on the CNV of sustained and delayed motor response with the dominant
and nandominant hord in the presence and absence of visalperformance feedback was studied
in 1S male adults Monopolar stalp recordingp were obtained at Fz, Cz, Pz, and bilaterally over
the motor hand area. Results indicated that the magnitude of the CNV was greater in the delayed
than sustained response task, mreater in the presence than absence of feedback, and greater over
the motor hand area contralateral to movement. Frontal CNV habituated In me sustained but
not the delayed response task, which sumests that frontal negative variations in the former case
sgnify an orienting response to novelty or uncertainty. The absence of habituation in the delay
condition was interpreted in terms of the motor inhibitory function of frontal association cortex.
Performance feedback appeared to enhance CNV indirectly by increasing the motivation of
subjetLs. A multiproces conception of CMV was proposed in which vertex-negative slow
potntials reflect a multiplicity of psychophysiological processes occuering at a variety of cortical
and subcortical locations in the brain preparatory to a motor or mental action.
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*20 Papakostopoulos, D., & Cooper, R. Brain, spinal codadautonomilc 5hne eoe
during a-id after a planned motor action in man. In W. C. McCallum And 1. R. Knott (Eds.),

JJXg res&~pnsive k~j Proceedings of 0- Third International Congress on Event-Rel~tted
Slow Potentials -)f the Brain. Brisioi, England, 1973. Briitol: John Wright, 1976.

Simultaneous multichannel recordings of brain activity and the acti-'ity of various
motor and autonomic systems, from 12 Ss, have been analysed. The data have permitted
inference about the spatio-temporal participation ot the pyramidal, extrapyramidal and cercoellar
systems before, during and After a planned motor action in man.

921 Papakostopoulos, D., & Fenelon. B. Spatial distribution of the contingent negative
variation (CNV) and the relationship between CNV and reaction time. PsJcgahsio
1975, ]1~74-78.

Multichansiel recording of scalp CNV (Contingent Negative Variation) and RT
(Reaction Time) was carried out on 12 normal adult Ss in a fixed foreperiod RI experiment.
Single trial responses were stored on digital tape and averatted off-line. Strict control over eye
movement artifact was exerted through fixation techniques coupled with mechanical ard
electro-oculographic monitoring of movement. Analysis of single-trial data gave an
intra-individual picture of correlation Apparently in conflict with the across-Ss picture gained
from averages. A rationalization is attempted of these results and some eviden.ct is offereti that
in the individual S, a negative and probably nonlinear relationship holds between CNV amplitude
And RT. Analysis of average dzta demonstrates the distribulion of CNV across the scalp aivd
shows a lack ef correlation between CNV And RT in prefrontal areas, ir contrast with that found
in central-parizfla areas. It is suggested that tht CN.Y is an index of functionally different
processes in these areas.
Q22 Papa-kostopoulos, D., & McCallum, W. C. The CNV and autonomic change in rituations of

increasing complexity. Electroencephaloaraphy and Clinical. Neuroehy siology, 1973,
Supplement )1, 287-293.

In an experiment involwing several levels of increased 'stimulus-response complexity,
recordings were made of scalp CNVs, eye movements. electrocardiogram, skin conductance and
potential changes and respiration. Both tonic and phasic autonomic char.ges were found to occur
during the course of the expriment. The rnx.t notable ft-ature was a tonic acceleration of heart
rate, superimposed upcii which was a temporakry deceleration during the period of the CNV.
Although changes in irspiratic, pattern and clectro-dermal activity were also noted, these were
found to be independent of thp heart rate chanse% and u~nrelated to CNV.

It is suggested thae three distinct prmiesses m~ay be interacting in the efforts of the
organism :o meet specific environmental demands: (1) the hask. ý,-.el of autonomic functions
such as the heart rate; (2) the level of general ac tivation in response- to the demands of a
particular situation; and (3) the selective miechaaiisrns which Appear to underlie 1he CNV and the
process of heart rate deceleration during the CNV.

The CNV appears to offer a readily quantifiable mcasure relevant to procis~es
involved in the integration of cortical activation, autonomic change and performance.
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92 Parasuraman, R. Response bias and physiological reactivity. Journal of Psychology, 1975,
91,309-313.

Sixteen Ss were selected from a group of 30 adult males for low and high levels of
physiological reactivity, as defined by several measures of electrodermal activity (EDA). They
were subsequently tested on two occasions on a tone discrimination task in which confidence
ratings were required. HWgh EDA Ss discriminatLd a significantly greater number of tones, out this
apparent superiority was not due to their superior sensitivity, but to a greater bias towards
responding positively to signals. The result, were discussed in relation to possible mechanisms
mediating individual differences in response bias and physiological reactivity.

924 Parasuraman, R., & Davies, D. R. Response and evoked potential latencies associated with
commission errors in visual monitoring. Perception and Psychophyvics, 1975, 17, 465-468.

Eight male subjects performed a 40-min visual monitoring taFk in which they were
required to detect the occasional dim fla•h from a background of brighter flashes. Response
latencies associated with correct rietections (CDs) 3nd commission errors (CEs) were recorded, as
were the peak latencies of evoked potential (EP) components averaged separately for each -%f the
two response categories. Response latencies fo. CEs were signL. icantly longer than those for CLs,
ind "late" EP component latencies (P2, N2, and P3 1 associated with CEs were also

significpntly longer than component latencies associated with CDs. These results are discussed
with reference to EP concomitants of decision processes and to various theories of monitoring
behavior.

25 Parikh, N. !, A study of blood pTessure and sinus arrhythmia as measures of mental load in
a visual inspet.tion task (Doctoral dissertation, The University of Oklahoma, 1971).
Dissertation Abstracts International, 1971, 3• 311B-312B. (University Microfilms No.
71-17, 047)

This work describes the effect of a visual inspection ,, k on sinus arrhythmia. A
static inspection task was used, together with an auxiliary task consisting of responses to auditory
signals. The inspection task consisted of identification of alphabetic, numeric and geometric I
errors in matrices of two sizes (5x5 and 7x7).

Four subjects performed the visual inspection task and the auxiliary auditory task.
Three levels of types of errors were employed. Visu:.- tasks of two different time lengths were
performed.'The t~.tal number of errors in the visual inspection task was selected at two levels.

The dependent variables measured were increase in systoi blood pressure, increase
in diastolic blood pressure, and reduction in sinus arrhythmia, all measured as the change from
resting to working levels of the variable. The important findings were: 1. Reduction in sinus
arrhythmia c.n be used as a measure of mental load in a visual inspection task. 2. Reduction in
sinus arrhythmia is the most sensitive physiological measure of the three used, followed by
increase in systolic blood pressure and then increase ir. diastolic blood pressure. 3. Increase in
systolic blood pressure is significantly affected by subjects and types of errors. 4. Increase in
diastolic blood pressure is significantly affected by types of errors and total number of errors. 5.
Reduction in sinus ari4hythmia is significantly affected by subjects and inspection for alphabetic,
numeric or geometric errors.
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926 Parrot, J., & Baumstimler, Y. Evolution duclignement palpebral aucoursde Iexecution
prolongee d'une tache d'attention visuelle soutenue: Distribution temporelie, relations avec
d'autres variables physiologiques et avec la performance. [Evolution of eyeblinks during
the prolonged performance of a sustained visual attention task: Temporal distribution,
relationships with other physiological variables and with performance.] Actes du Trolsieme
Con.gr _4e la 5oc[ot d'ELronmie 4 Lan.jue Francaise, Bruxelles: Presses Univsitaires
de Bruxelles, 1968, 50-56.

This study examined the relationship between eyeblinks and the physioligical
variables of heart rate and rectal temperature on the one hand, ri1d performance on the other
hand. Seven out of 10 subjects showed a significant positive correlation between poor
performance and blink rate. When poor performance was further analyzed, eight significant

correlations were found between blink rate and overly long responses and five between blink rate
and erroneous responses.

927 Patkai, P. Interindividual differences in diurnal variations in alertness, performance, and
adrenaline excretion. Ac Phvsiologic Scandinavic, 1971, ,j, 35-46.

Subiects classified as habitual morning vs. evening workers on the basis of their
answers to a questionnaire, were compared with regard to day-time variations in catecholamine
excretion and perflormance. Adrenaline excretion in morning workers was highest in t=he morning
and decreased gradually during the day, while evening workers showed nearly constant excretion
values. The pertormance of morning workers did not vary during the day, while evening workers
showed a steady improvement, performing best in the evening. In addition, a significant
difference between the two groups was found in the personality dimension of extraversion-
introversion, showing that evening workers were more extravert and morning workers more
'ntrovert. The constancy of individual diurnal rhythms and their relations to personatity traits,
are discussed.
928 Patkai, P., Frankenhaeuser, M., Rissler, A., & Bjorkvall, C. Catecholamine excretion.

performance, and subjective stress. Scandinavian Journal of Psycholoqy, 1967, 8, 113-122.

Psycho-endocrine relations were explored in 52 students exposed to moderately
stressful psychological tests demanding selective attention. Subjects with high excretion rates of
adrenaline performed better during the entire stress session than did subjects with low adreni'e",
excretion. The level of subjective stress increased consistently throughout the session in sub,..ts
with low excretion rates of adrenaline, while it remained relatively constant in subjects w-th high
adrenaline cxcretion. No •. nsistent relationship could be demonstrated between noradrenaline
excretion and the psychological variables. Possible effects on the catecholamine-excretion
patterns of factors such as severity and ddration of the stress are discussed.

929 Paul, D. D., & Sutton, S. Evoked potential correlates of response criterion in auditory
signal detection. Scier'.ce, 1972, 177, 362-364.

The amplitude of i, late positive component of the average evoked potential
recorded from the human scalp varied systematically as a function of the observers's response
criterion as defined within the context of signal detection theory. With signal intensity invariant,
the P3 component of the evoked potential increased monotonically with increasing %trictness of
the criterion. The results are viewed as supr -rting the signal detection theory approach to the
analysis of discrimination behavior as well as providing further evidence of the sensitivity of P3 to
the manipulation of psychological variables.
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930 Pavlidis, G. T. Bibliographic survey of eye movements: 1849-1976. JSAS gCaaloj of
Selected Documents in Psytholoty, 1976, 6, 101. (Ms. No. 1349.)

Eye movement research has been a major field of inquiry in psychology, behavioral
sciences, and other disciplines (e.g., biomedical electronics). The number of publications on eye
movements has been expanding rapidly ovetr the years. This expansion makes it difficult and time
consuming to keep up with the literature, especially since it is reported in a wide variety of1
journals. The bibliography includes more than 2,000 references. It aims at comprehensively
covering the articles and books published on eye movement from the beginning in 1849 through
1975, as well as some articles published early in 1976. Unlike previous surveys, this one is not
confined to specific eye movement areas. Many aspects of eye movement research, including the
following, are covered: saccadic, pursuit, vergence, miniature, compensatory, tortional .nd
nystagmoid eye movements, methods of recording, and motor and control characteristics;
relation of eye movements to visual perception, visual acuity, laterality, ocular dominance, attentio
information processing, picture scanning, driving, piloting, reading, dyslexia, language ufe and com-
prehension, sleeping, dreaming, EEG, evoked potentials, hypnosis, meditation, alcohol, drugs, and,
anxiety; and the neurophysiology and the diagnostic value of eye I movements (e.g., for some ocular
anomalies, personality, and mental illness). The books on eye movements are listed separately
"and a brief, informative decription of their contents is given.

931 Payne, D. T., Parry, M. E., & Harasymiw, S. J. Percentage of pupillary dilation asa measure
of item difficulty. PercePton and Psychophysics. 1968,4. 139-143.

Compared 4 measures of difficulty of mental multiplication items: percentage of
pupillary dilation, latency of solution, number of correct responses, and judgment of item
difficulty. Sixteen multiplication problems, classified into 4 levels of difficulty, were presented
visually to 13 Ss, who verbalized their solutions to the problems. Analyses of variance and
correlation coefficients were computed. It is concluded that all 4 measures of difficulty were
useful but that iudgment of difficulty and latency of solution were better measures of item
difficulty than were :he other 2. Pupillary dilation and information processing are discussed.

932 Pearson, D. W., & Thackray, R. I. Consistency of performance change and autonomic
response as a function of expressed attitude toward a specific stress situation.
Psychophy.•Miloy, 1970, 6, 561-568.

A persistent problem in stress research has been that some individuals may show
impairment, while others show improvement or no change in performance under stress. Attempts
to relate this variance- in performance to general anxiety or other personality variables have
generally not been too successful. Based upon responses to a fear of shock item in an attitudo,
questionnaire, Ss were classified as "high fear of shock" or "low faar of shock" types. Half of the
Ss in each group were assigned a perceptual-motor task; the others were assigned a
cognitive-interference task. After training, all Ss were informed that they would be required to
maintain their training performance levels in a situation in which they would be shocked if
performance decdined. Performance and heart rate measures taken during training were compared
with the same measures taken under the threat-of-shock conditions. Results indicate significant
differences between groups in both performance and physiological activity with "higeh fear of
shock" Ss exhibiting relatively greater performance impairment and increased heart rate.
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933 Peavler, W. S. Pupil size, information overload, and performance differences.
PsvchoVhsi0iov, 1974, J.1, 559-566.

As a test of the hypothesis that pupil dilation during performance is partially due to
a task related anxiety component, pupillary patterns were measured while subjects (Ss) processed
digit strings of various lengths for immediate recall. Information overload resulted in a leveling of
the dilation pattern which suggested i momentary suspension of processing effort. In addition,
significant correlations were observed between individual differences in pupil size and recall
performance.

634 Pendergrass, V. E., & Kimmel, H. D. IJCR d-!ninution in temporal conditioning and
habituation. lournal of Experimental Psvcholoiv, 1968, 77, 1-6.

A study was done to compare diminution of the GSR to a i,000-cps tone during
regular and .rregular temporal spacing of the tones, and to determin: the influence of a judgment
task o(i the GSR under these conditions. One group received a 90-rb. tone every 40 sec for 40
trials, while one group received the series of 4C tones at irregular temporal intervals of 20, 30, a
40, 50, or 60 sec. In addition, half of the Ss In each group were r',quired to 'idge the intensity of
the UCS atfter each stimulus presentation. No evidence was foun'd for temporal conditioning in
the nonjudgment groups, although there did appear to be anticipatory conditioned responding
in the :udgment groups. It was suggested that the task facilitated the development of
anticipatory responding in temporal conditioning, and as a consequence also rtsulted in smaller
GSRs to the tone. In habituation,however, the task appeared to disrupt the ongoing process, and
eliminated response attenuation. Increased arousal or attention induced by the task and/or by
S's perception of regular spac~ng was proposed as a possible explanation of these effects.

9W Perret, E. Le probleme psychologique et physiologique de la vigilance. IPsychological arid
physiological problems of vigilance.] Revue de Medecine Peevtntiv' 1961,6, 23-31.

Diverse psychological hypotheses have been offered as a basis of vigilance

experimcnts to explain the fall in performance observed in these tasks. Recent findings ,rom the
physiology of the nervous system, although concerned with other areas than vigilance, are related
to the reported experiments.

988 Perret, E., & Grandjean, E. Effects of monotony on psychophysiological functions.
Ergonomics '1964,7, 368. (Abstract)

Six subjects sat without doing anything in a room with constant noise and
illumination for two hours. This was considered a monotonous situation, since its sensory as well
as psychomotor aspects were he!d fairly constant for its whole duration. In the control situation
the subjects were asked to trans:ate short stories for two hours, an activity which could be
considered non-monotonous. In addition, the possible effects of different functional states of the,
autonomic ntrvous system were studied by giving the subjects either a large or a light meal just
before the sessions.

Before and after every session, critical flicker frequencies were simple visual reaction
times were measured, and duritig the session spontaneous activity, heart rate and respiatory
frequency, galvanic skin resistance and skin temperatuie were recorded.

The spontaneous zctivity and the visual reaction times remained constant in the four
experlmcnW conditions. The critical flicker frequencies were decreased significantly; heart rate
and rtspiratory frequency also decreased, but not significantly. Galvanic skin resistance was
decreased considerably and skin temperature was increased, but these two alterations seem to be
due to technical artefacts. :1
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9 Ivity, 1J. W., Jr., & Childers, D. G. The human visua! evoked re~ponse: Method and the_ t.
Sprinfield, Ill.: Thomas, 1969.

In the preceditig chapter%, we have attempted to describe in reasonable detail rsme
of the advantages and disadvantages of the VER as i tool relative to some older investigative
techniques of neural fun •tioning in 4h2 visual system. il is difficult to determine if the most
approt i•te picture of the VER has been given. It is conceivable that, through our cautiousness,
the disaviv uhages have ieen e'nplhasized at the expense of the advantages If so, we have
inadverently done the VER and its research and clinical potential a disservice since we believe
many of the disadvantages ,re due to th% relative newness of the method.

Utilization of the full potential of the VER rcquires greater development of the
mezhodology, dong with the establishment of more precise parameters and quantitative analyses
and better theories of the functioning of neural populations. The early and rapid developments in all
three of these interdependent areas and the establishment of a number of perceptual correlates of
the VER suggest that the pctential is great indeed. The EEG initially "was hailed somewhat
pizturesquely as providing a window to the brain. We believe the the VIER will prove to be a
much more useful and a much clearer window.

S Pesta, T. Lernlcistung und aktivierung bei intraindividueil variabler akustischer
stimulation. [Brain activity and performance during - intraindividually variable
acoustic stimulation]. Zeitschrift fur Experimentelle und Angewandte Psychologie, 1973,
20, 107-116.

An intraindividual change in the activity level, lasting for a short time, was induced by
using a sinusoidal tone of 1000c.p.s., oscik.ating continuously in 5 sec intervals, in an intensity
range of 30 to 60 db; this change affected the learning performance and the corticalalpha-activity.

Meaningless syllables, presented while the intensity of sound increased, were learned
significantly better than when the intensity decreased, when the duration of the experiment
increased. Thereby, the variations in the intensity of sound caused statistically certain frequency
variations in the area of the alpha-activity of the brain: as the intens;ty increased, there was
reduced alpha-activity; on the other hand, the alpha-activity increased with decreasing intensity.
The relatio.a between the change in EEG and the enhanced performance was r = 0.79.

The results were checked ar tO confirmed in a second experiment.

Accordingly, small hanges of sho-t duration ii the activity level could be
considered as the decisive variable in the control ( the individual learning performance.
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OW Pe:ers. j. F., a Knott, J. R. CNV and post-response negativity with stressful auditory
feedback. In W. C. McCallum and J. R. Knott (Eds.),The restonsiy. brain. Proceedings of
the Third International Congress on Event.Reiated Slow Potentials of the Brain. Bristol,
England, 1973. Bristoi: Johii Wright, 1976.

The data furnish some support for Weinberg's findings of increase in post- S2
negativity under feedback conditions. There is also further evidence of sex differences in SP'
activity related to stress, which in this case continues beyond the immediate preparatory interval.
Howver, the usual CNV difference in stress related to sex did not appear. This may be due to a
sarmpling error, or a difference in paradigm.

CNVs were! elicited from 2 groups of Ss under feedback and non-feedback conditions.
A significant increment in post S2  negativity was seen on those trials in which feedback was
expected, largeiy contributed to by female Ss.

940 Peters, J. F., Knott, J. R., & Hamilton, C. E. FNrther thoughts on measurement of 'the'

CNV. In W. C. McCallum and J. R. Knott (Fds.), The responsive brain. Proceedings of the
Third International Congress on Event-Related Slow Potentials of the Brain. Bristol,
England, 1973. Bristol: John Wright, 1976.

Of the five methods of CNV amplitude measurement presented, all but the one
based on the peak positivity to S 1  (PPA) reflected the expected response v. non-response
difference (Irwin et al., 1966). Absence of this difference in the PPA measure is quite possibly
due to intra-subjeci variability in the size of peak positivity, as evidenced by the large standard
deviation in this measure and in the area measure which incorporated the EP to S1 (A1 ).
Measures of this nature are confounded by the inability to determine whether the CNV or tne

evoked response varied with the paradigm. Such an objection is not uncommon in evoked
response research (Friedman et al., 19"/3). However, in cases where tihe CNV never recrosses the

baseline in the S1-S2 interval, this method is apparently the only alternative!

941 Peters, J. F., Knott, J. R., Miller, L. H., Van Veen, W. J., & Cohen, S. I. Response variables
and magnitude of the contingent negative variation. Electroencephaloaraohy a nd
Neurophvsiolo~g, 1970, 2.608-611.

When subjects in a fixed fore-period reaction time task are presented with a
repetitive stimulus that is terminated by the manual response made to it, the contingent negative
variations following the warning stimulus will be of greater magnitude than when a single
stimulus, over which the subject has no control, is used. It is suggested that different levels of
motivation are involved in these two conditions.
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942 Pettyjohn, F. S., McNeil, R. J., Akers, L. A., & Faber, J. M. Use of inspiratory minute
volumes in evaluation of rotary and fixed wing pilot workload. In K. E. Klein (Ed.),
Methods to assess workload. AGARD Conference Prearin , No. 216, 1977. (Available
from: National Technical Information Service, 5285 Port Royal Road, Springfield, VA
22151.) (Abstract)

The inspiratory minute volume (IMV) is shown to be correlated with the recognized
stress and workload periods of helicopter and fixed wing flight profiles examined. The trends
indicate the actual flight under "cruise" or operational conditions produces a consistent twofold
increase in inspiratory volume.

Review of findino s and clinical correlation will be provided. Continued studies using

heart rate, respiratory rate, and indirect calorimetry will be presented.

Use of the IMV is considered a valuable clinical tool in the assessment of aircrew
workload.

943 Pfefferbaum, A., Buchsbaum, M., & Gips, J. Enhancement of the average evoked response
to tone onset and cessation. Psychothysioloxv, 1971, 8, 332-339.

Auditory average evoked responses (AERs) produced 1,v tone onset (ON responses)
and tone cessation (OFF responses) were studied in 14 normal a ult subjects. When short (500
msec) tone bursts were presented widely spaced (2500 msec betwien tones), ON respsonses were
large, in contrast to OFF responses, which were less than one-third their size. But when long
tones (2500 msec) were succeeded by brief (500 msec) silences, OFF and ON responses were
comparable in size. In addition to this observed effect of the ratio of the percent of time the tone
was on to the perceait of time the tone was off, control experiments suggested that increased
duration of preceding interval, unexpectancy of stimulus occurrence, and decreased mean
frequency of stimulus presentation all increase the amplitude of both OFF and ON responses.
OFF responses were found to be more sensitive to stimulus spacing effects than ON responses.

944 Picton, T. W., & Hillyard, S. A. Human auditory evoked potentials. II: Effects of attention.
Electroencephalography and Clinical Neurophysioloiv. 1974, 36, 191-199.

Attention directed toward auditory stimuli, in order to detect an occasional fainter
"signal" stimulus, caused a substantial increase in the N1 (83 msec) and P2 (161 msec)
components of the auditory evoked potential without any change in preceding components. This
evidence shows that human auditory attention is not mediated by a peripheral gating mechanism.
The evoked response to the detected signal stimulus also contained a large P3 (450 msec) wave
that was topographically distinct from the preceding components. This late positive wave could
also be recorded in response to a detected omitted stimulus in a regular train and therefore
seemed to index a stimulus-independent perceptual decision process.

945 Picton, T. W., Hillyard, S. A., Galambos, R., & Schiff, M. Human auditory attention: A
central or peripheral process? Science, 1971, 173, 351-353.

The click-evoked elec:rica: responses of the human cochlear nerve were recorded
from the external ear canal concurrently with the corticil evoked potentials from the scalp.
Paying attention to the clicks during a discrimination task resulted in a highly significant
enhancement of the cortical response but no change in the cochlear nerve response. Hence no
evidence was obtained for the operation of a peripheral gating mechanism during attention in
man.
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9" Picton, T. W., Hillyard, S. A., Krausz, H. I., & Galambos, R. Human auditory ewo4td
p c t entials. I: Evaluatfor of components. ElectrenceDhalo raph, and Clinical
Neurrophysiology, 1974, .179-190.

Fifteen distinct componentscan be identified in the scalp recorded average evoked
potential to an abrupt auditory stimulus. The early components (I-VI) occurring in the first 8
msec after a stim-dus represent the activation of the cochlea anJ the auditory nuclei of the
brainstem. The middle latency components (N o, P o, N a , P a , N b ) occurring between 8 and
50 msec after the stimulus probably represent activation of both auditory thalamus and cortex
but can be seriously contarninated by concurront scalp muscle reflex potentials. The longer
latency components (P1, N1, P2 , N2 ) occurring between 50 and 300 'rnsec after the stimulus
are maximally recorded over tronto-central scalp regions and seem to represent widespread
activation of frontal cortex.

947 Pollen, D. A., & Trachtenberg, M. C. Some problems of occipital alpha block in man. Br.in.
Research, 1972, 4.1, 303-314.

(1) Experiments were carried out in 10 human subjects to try to evaluate the relative
importance of visual attentiveness, a patterned visual input, oculomotor contrl functions and
mental effort with respect to attenuation of the occipital alpha rhythm.

(2) Alpha rhythm was almost completely blocked when alert subjects were involved
in reading even when the near triad of accommodation had been experimentally eliminated or
minimized. Thus 'visual attentiveness' alone is sufficient to block the alpha rhythm.

13) Visual sansory detail alone was not a sufficient stimulus to block the alpha
rhythm, even though accompanied by saccadic movements. Rather it is the attentiveness to the
detail which blocks the alpha rhyt..-n.

(4) Progressively more difficult mental effort, as in serial multiplication, eventually,

led to an attenuation of the alpha rhythm. A sustained type of mental effort such as blindfold

chess led to an initial attenuation of the alpha rhythm followed by a gradual return after the first

few minutes of play to resting eyes closed levels. However, during periods in which subjects

claimed that they required exceptional increases in mental effort, the alpha rhythm again became

attenuated. The possible significance of alpha block is discussed.

946 Poock, G. K. Information processing vs pupil diameter. Perceptual and Motor SkiýlJ 1973,

37,1000-1002.

The effects of information processing on pupil diameter were investigated. Results

showed that pupil diameter was significantly greater than a baseline diameter when Ss were

required to process information at 75 and 100% of their maximum capacity. However, when Ss

were required to process information at a rate above their maximum capacity, the pupil

constricted significantly below the baseline diameter. Pupil diameter may be a parameter which

would identify points in time where mental overload occurs in a worker's job, and therefore

identify areas of the job which should be redesigned if one w;shed to reduce mental overload.
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Of l'oock, G. K(., & Noel, C. E. Effects of layout of workplact. on pupillary diameter.

Perceptual and Motor SkIL~s, 1975, 40, 304.

In the compatible stimulus-response asrangement, the pupillary diameter increased
with stim~ulus presentation rate up to a rate of 3 bits per wec at which poin the pupil constr'ctedI
below the baseline level. Likewise the constriction point for the noncompatible -condition was
2.4 bits per sec. Applicaticn of the Wilcoxon mnatched-p.airs signed-ranks test showed the
presentation rate at the timne of overload in the noncomp~tible arrangement to be significantly
lower tian in the compatible arrangement tp e..025).

050 loock, G. K.., Tuý.k, G. A., & Tinsley 1. H. Physiological correlates of visu.ai moanitoring.
Perceptua An M2LrjSIll, 1969,22, 334.

Investigated correlations between heart tate, skin temperature, skin resistance,
systolic blood pressure, diastolic blood pressure, and pulse pressure with visual monitoring
perfornance. Systolic blood pressuire arnd skin temperature providcd a significant multiple
correlation (p < .06). Skirn temperatures averaged approximately 20 F higher when signals were
detected than when missed.

* 951 Poon, L. W., Thompson, L.. W., & Marsh, G. R. Average evoked potential changes 4s a
function of processing complexity. Psychophysiolo, 1976, U1, 43-49.

Electrnphysiologic potentials (averaged evoked potentials (AEP) and contitigent
negative variation (CNV)) recorded during simple r.-cognulion and disuiminative responses to
tachistovwopically presented letter-pair stimuli showed a systematic shift toward greater overall
positivit , smaller CNVs and larger late positive components) during ir~creased processing
load. l r ion, more positive P2 components were found in the right as compared to the left
h-,misphwic during simple recognition, and this asymmetry was enhanced during the more
complex processing condition.

052 Poon, L. W., Thompson, L. W., Williarns, R. B., Jr., & Marsh, G. R. ChanRes of
antero-posterior distribution of CNV and late positive component as a function of
informatiaxi proccssitg demands. Psych'oolh sioloy 1974,1L1. 660-673.

The topograkphic distribution of the amplitudes of the contingent imegative variation
(CNV) recorded along the midline at the anterior, central, and posterior regions of the human
scalp varied as A fLnCtiOn of type of informatvion pro4.-ecuing demanded. A parietal-dominant CNV

ws found when ?ctive problem-solving behavior was required. A central-domninant CNV wasA
evident in a Oisjunctive reaction thme task. The results are interpreted is evi~Sence supporting a
model of cortical function which predicts shifts i- cortical involvement as a function of type of

* task demands. A late positive component (LPC) of the average evoked potential was also found
to ý'ary as a functior~ of stage of learning, recordinig sites, and an attitudinal dimension measured
by Rotter's internal-external locus of 1ontrol scale.
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953 Porges, S. W. Heart rate variability as a predictor of attentional performance.
Psychophysiology, 1971,8, 273. (Abstract)

The relationship between resting heart rate (HR) variability and subsequent
performance on a reaction time (RT) task was investigated in two groups of 18 male college
students. One grotip had a fixed plepvatory interval (PI) of 16 sec while the second .group had Pis
which varied among 16, 22, and 28 sec. All Ss reccived 2 sessions of 10 trials separated by a 2
min rest period. The first session was used as practice to adapt Ss to the expe.imental situation.
The resting level HR variability for each S was defined as the variance of 25 beats one minute
into the rest period. A factorial design was used in which resting level HR variability (high, mid,
and 14)w) was nested under the factor of groups.

When the PIs were randomly vgried significant differences (p 4 .005) eAisted among
the th:ee levels of resting HR variability a~id ,1 performance during the second 10 trials, while
no significant relationship existed when the PI was held consant. Moieover, the analysis of
variance for HR variability indicated no trial or variability level-by-trial effects. A correlation
between the individual S's rHR variability during the restiiij period and his mean RT performance A

during the second session was significant for the variable PI group (r = -.711, n = 18, p : .001).
The d.'a indicated that individuals who exhibited a more variable resting HiR had faster RTs, thus
supporting3 the hypothesis that RT performance may be predkited from HR response patterns.

964 Porges, S. W. Respiratory and heart rate indices of reaction time (Doctoral dissei'tation.
Michigan State University, 1970). Dissertation Aostracts Intetrnational, 1971, .. ,
593B-594B. (University Microfilms No. 71-18, 274)

The respiratory and heart rate (HR) indire. uf attention to reaction time (RT) signal
and control nonsignal stimuli were investigated in male college students. The tw3 conditions
produced differential respiratory and HR responses. Heart rate accelerated in responw to the
warning and respond signals. The HR acceleration to the respond signal was concordant with
inrcreases in HR variability, respiratory frequency and ampliiude. In contrast to the mean HR,
which did not change in anticipation of the respond signal, respiratory frequency increased and
respiratory amplitude and HR variability decreased. In response to the nonsignal stimuii HR
decelerated. Mean HR variability prior to the tria! onset acid mean magnitude of the reduction of
HR variability in anticipation of the r.Spond signal wert highly significant correlates of RI when
the preparatory interval 'PI) was of variable duration. When the PI was of fixed duration HR
variability was not corre'ated with performance. Although HR derelerated prior to the respond
signal, the magnitude of deceleration was not related to performance. The data support a two
component hypothesis of attention: the first, a ohasic reflexive response dependent upon the
specific stimulus change and characterized by a directional HR response; the second, a tonic
instrumental response related to attentional performance and characterized by a decrease in HK
variability.
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arn Porges, S. W. Heart rate variability arnd deceleý'ation as indexes of reaction titne. iournal of
Upvimental Psco 1972,22, 1034110.

Heart rate irtlexes of rvaction time (RT) were invesasqated in male col,-ge students.
The Ss were required to perform one of two tasks, eithorf to respond as rapidly As possible
followinp, the termination of &n' extended visual warning or to merely observe the s~ame temporal
sequences of nonsignal visual ctlnwli. In the RI groups following t~te awst of the wznning signal.
heart rate variability ir~creased; in anticipation of the termination ot the preparatory interval (PI),
heart rate variability decreased; and following the onset of the respond sigru, both heart rate and
heart rate variability hicreased. lIn the control groups, there were no significant changes in either
heart rate or heart rate va~iability. In the RT gro.Lp presented with a scne-dule of variable Pis, the
iman magnitude of heart rate variability reduction in anticipation of the terwmination of the PI
and the mean pretrial heart -ate variability were significantly correlated with RT. When the PI
was of a fixed duration, the heart rate variabilit'j measures were not significantly related to RT.

4 OWs Porges, S. W. Heart rate variability: An autonomic correlate of reaction time performance.
Bulletin of the Ptsychomnqic Society - 1973, L 270-272.

Resting level heart rate variability was measured and correlated with stibseqluentI
reaction time performance in mate college students. Tht Ss were rtquired to respond as rapidly as
posilbie following an exter-Aed visual warning signal of either fi~ced or variable duration. Resting
levil heart rate variability was related to teaction timne only ia the variable-foeeperiod condition.
The data are interpreted As illutiating tht semitivity of the relatioriship between heart rate
variability ar-d feaction timt to sligh: chanqes in task demands.

967 Porges, S. W., & Raskin, D. C. Respiratoury and heQrt ra~te components of attention. journal
of Experimental Psycholog, 1969, 81' 497.-5^93.

The respiratory' and heart rate jHR) components of attentive observation to external
stimuli (tone or light) and to an internal stimulus (Ss' ow.i H1R) were investigated in malt college
students. The Ss were required to either estimvate their Hits, estimate the ratue of a ser~ies of
intermittent tone5, count light flashes, or watch a light flash. The various tasiks produced no
differential effects on respiration, but across tasks there were significant increases in frequency
and Jecreases in amplitudc of respiration. Mean HR decreased across trials, -and all tasks exc.ept
watching the light produced significant decreas2!b in HR variance. The HR response pattern during
the first 10 sec of each trial differentiated between the groups: HR acceletated for internal
observation "n decelerated! for external observation.

OW Porjez, B., & Begleiter, H. The effects of stimulus expectancy on evoked bra in potentials.
Plch hyill .95 152-157.

The effects of self-geneated expectancy of stimulus content on the visual evoked
potential to physically identical stimul were studied in college students. The wubject set up his
own internal expectancy by choosing to see either a brilght or dim flaish. When a bright or dim
flash was anticipuated, the potentials evoked by a mediu'm stimulus intensity resembled the
responss elicited by an actual bright or dim flash, respectively. Significant differrnces in visual
evoked potential amplitude were obtained between identical medium intensity %stimuli depending
oi, the stimutAs intenisity expected, despite the constant phys...al properties, of thec stimulus. The
results suggest that a subject's expectancy of certain physical paramneters. of a stimulus are as
ini~1otant in determining the resultant visual evoked potentiai as the .wtUAl physkAl features of
the stimnulus.



O Posui, M. I., Klein, R., Summer s j., S uk, S. On the selection of signals. M yjn. Itin 1973,_1, 2 .12.

In a previous paper, it was argued that alertness, selectivity (set), and processing
capacity (consciousnes) could be identified and studied a4 separate components of attention. The
current paper dsvelops this theme by "howing that alertness does not affect the buildup ot
eornoation within the memory system but only the rate at which a later system responds to that

iWformatiom. Thus. in standard reactiomn-tm tasks, increased alertness produces a reduction in
reaction time !Yut no decrease in erro. In contrast, providing a model of the signal the S is to
process improvud both speed _d accuracy. The presence of a model of what the S is to process
varies the vertex neurai response to that specific signal as comoared to a mismatching signal in
the first 200300 ,-ec after its presentation. Three acc:ounts of this effect are: speeded processing
of a matching stiinulus, habituation of the electrical response to a matching stimulus, andpr -n d or enhanced procewing of a mismatch. Evidence favors the first of these expianations,
but the other two cannot be disvnsswd as possible contributors to this effect.

em Poulton, E. C., Hitchinp, N. B., & Brooke, R. B. Effect of cold and rain upon vigilance oflout Eamnomic , 1 963,.f, 163-168.

Sixteen nen performed lookout du~ies twice at sea in winter on an oppn bridge, once in
the Arctic (mean temperature 280 F) and once in z more temperate climate (mean 370 F) in
counterbalanced order. The 2 sira sources were scoarated by an angle of 750 and presented 7
simnals ezch in an riegular order and at irregular intervals during a 30-minute watch. The
lookout had to rempond as soon as he saw a signa. There were reliably more response times of 2.0
seconds or lcnpw in rain than in die cold (p < .01). There was a reliable increase in the number
of long response times during the watches in the cold (p <.01) accompanied by a meaw, fall in
oral temper&uc of 1.20 F.

94i1 Preston, F. S. Time zone disruption and siee patterns in pilots. Traf .tIon of tie
.qfcxyiiaiMt&hy 1970,2, 77-86.

The author repcrtson sudicsof sleep patterns of commercial airline pi~ov flying on
long routes and on physiological effects and changes in physical performance resulting from

diruption of circadian rhythm. Details arm given of slp/work cycles and of subjective
amessments by pilots cJ their own plvsic4a state during long periods of duty. The author
interprets his findingp and conraidirs :,,thcds of maintaining the health and efficiency vf

aircrews flying long routes, including provision of sourd-proofed and air-conditioned hotel
accommodation, proper meaisat the right time, and exercise, and possibly facilities for recreation I
and, in special circumstances, under strict medical control, administration of sleep-inducing

IM Provins, K. A. Environn~ental heat, body temperaure and behaviour: An hypothesis.
Australian on of , 19 , 18,118-129

Recent experimental investigetions of the relationship between environmental hea*
body temperature and bh taviour are briefly reviewed and an explanation of the finding Is
postulated using thw concept of "arousal." Supporting evidence is drawn from
neurophyskological studies on animals and fald observations of people living under tropica!
conditions.
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06 Provins, K. A., & Bell, C. R. Effects of heat stress on the performance of two tasks running
concurrenitly. 1I niii & I Exgerimental PsychologyL 19701, 83, 40-44.

Twenty Ss performed a five-choice serial reaction time (SRT) task at each of two
paclinps while watchirmt for infrequent light signals from szx differ'ent parts of the visual field in
both cool (^,')'0 /150 L. drl bulb/wet bulb) and hot (400 1350 C. dry bujlb/wet bulb)
environmental conditions. An initially beneficial effvct of beat on performance of the fast-paced
SRT task was lost with continued exposure to heat, but nu climatic effect was found on
performance of the visuial vigilance cask. The results are discussed in terms of "arousal" arnd are
considered to support the view that the effect of heat exposure on perceptual-motor performance
is more directly rolatece to body temperature thaii the climatic conditions.

UK4 Pushkin, V. N., Nersesyan, L. S., & Sinaiskii, M. 1. Reoentsefalografiya kak integral' nyi
mc~od registratsii psikhicheskoi napryazhennosti. [Rheoencephalography as an integral
mfethod of recording mrental tensioti.] Zhra Yyssbi Nervr~oi Deyjte' nosi, 1970, 10,
6554658.

Presents the results of 2 exploratory studies, with 21 and 36 Ss, respectively, to
deternine the uastfulness of rheoancephalograms (REGs) in detecting mental tension since "even
brief intense mental activity products such changes in cerebral circulation as to find its
expression in REG parameters." The parameters, h, and the ratio Kk Zh 1/h2 I where hl =
height of REG wave and h2 = height of the catacrotic tooth, appear utilizable for objective
restratior -. ~f mitntal tensi',sn. :n addition, the simplicity of the recording and of its analysis,
tupther with ths, clear-cut charztar of the data, furthers the possibility )f ut'lizing the REG for
defining delirees, of mental tonsion and tor resolving other questiqns conbiected with the rational
organization of the work of the human operator.

066 Puttrich, 0. Anforderitng u~id Bsianspruchun6 bei Inlnuflt ielien Steuertatigkeiten unter
Analogie-Experiw~ntellen Bedingungen. [Requiremeats and st, a'i in industrial control
activity under analogical-experimental conditions.) Proceeding of a Symnposium on

Erjnol nMachin e I~jp 2mnise g ~d by V Ce czhoslovak Mdigi §Societ
E. Purkyne and 11, Pra2&l, 2-7 October 1967, ILO, Geneva. 1969,1, 53-62.

Three typical situations of control action were created where signals were to respondI
to continuous events in certain circuits. These three situations differ in their requirement
structures:

1. Concent~rated observation of progress and control interference in events after
£ signalling the end of the required operation (requirements as to observation, attention,

understanding situations and prediction).

2. Observation of progruiss with responses at a certain moment but under restricted
pcessibilitles of anticipation.

F I 3. Right naspon~ss to the appropriate group of stimuli (choice experiments).

In the standard experiment the three control activities were performed, each with
three levels of difficulty. Tite mental strain has been assessed using heart ratt as a physioogical
indicator (coistinual recording). It has been shown that the first situation described imposes the
highest requirements and produces the greatest strain.
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sO Ramsey, I. D., Hakomb, C. G., & Kamouny, M. E of cyckcAl te ture n
~ arnce. Lubbock. Texas: Texas Tecit Unlk"ity, May 1972. (NTIS No. AD

Vigilance performance has been shown to be enhanced by numerous type% of
envmionmental changes. This study evaluates the effects ot a cyclicadly changing temperature on
monitoring behavior and physiolýia responses of man. Vigilance performance was not
enhanced by the use of the variable temperature conditions of this study. Rathcr, the variable
temperature in conjunction with a heavy food intake was shown to adversely affect both heart
rate and vigilance task performance mesures.

OW Ramsey, J. D., & Mortagy, A. Wor perfmance under thermal stess. Lubbock, Texas:
Texas Tech. University, February -W1. - ' AI•5-• 5)I

This is a report on some of the recent and current work in the environmental
ch.amber at Texas Tech University. We have an environmental chamber with programmable
temperature capability between 360 F and 1600 F, and relative humidity range between 1M4 zvkd
98%.

Most of the studies have been oriented towards our Project THEMIS Research
Contract entitled "Performance, Recovery and Man-Machine Effectiveness." Our major concern
has been in terms of mainte-ance of performance, retarding performance decrement, and
enhancement of recovery. Thus, we have been investigating rest pauses, work changes, work
schedules, environmental changes, and othei schemes to accomplish the above.

Specific ,tudies discissed include: an investigation of variable temperature and diet
effects on monitoring performance; an analysis of effects of localized heating of the head when
performing simple motor and mental tasks it, the cold; and a study of psychomotor task
performance in the heat. Two additional investigations concerning vigilance task performance are
currently in progress and are described herein. These studies repi-sent different schemes of work
and rest schedules as influenced by heat. Heart rate changes were also txanmined in some of the
studies
Of Raouf, A. A study of variations in the operato, -erformance time and heart rate while

performing t repetitive-paced task. E .nomics I• 3, 313. (Ab16trat)

Perfornuce time variatiotis within an operator and amongst a group of operators
are known to exist. Some industrial wo('kers have a taster pace of working than others. In
situations where pace of work iv machine controlled, all t',:. workers are required to maintain the
same speed of work. The workers, who, either are faster or slower than the set pace, perhaps,
'ind it more demanding to work at this pace. It has been suggested that more accidents at work
places occur during certain periods of the working day amid during these periods the performance
times are appoximately the shortest. By and large experimental investigations have been
conducted in the laboratories so far. The recent technological developments in the field of
telemetry have made it possible to monitor heart rate, breathing rate and G.S.R. of the workers
while working without causing any discomfort to them. To have a better understanding reg-rding
the variations in performance times and the 'strain' the slow and fast paced workers are subjected
to, an extensive field study has been undertaken. Performance time, heart rate and G.S.R. of
workers while performing under actual conditions and throughout the working day, are being
recorded using sophisticated data acquisition equipment which inciudes a Hewlett Packard
Cor outre 21 OA. In this paper it is proposed to report some of the findings of this study.
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9W Raouf, A,, & Sethi, . Pulse rate differer.ce as a function of information reduction in a
combined manual a,-,d decision task. Proceedings cf the 6th Congress of the International
Ergonomics Association, 1976, 552-356.

The effects of information reduction, i.e., information in stimuli, Nsi
information in responses, Nr is investigated. Nine subjects were tested for this study. Each
subject performed combined manual and decision task using two distinct "reaches" (Rk) under
three levels of N ard five Ir .s of Nri Pulse Rate Difference (PRD), i.e., pulse rate while
performing the tasl• less pulse rate at rest w re used di a response vadable. The investigations have
revealed that Nsk Nrj and Rk are significant variables and also that for a given Rk , PRD
increases as (Nsi - ri) decreases.

070 Raskin, D. C. Attention and arousal. In W. Prokasy & D. C. Raskin (Eds.), Electrodermal
activity in psychological research. New York: Academic Press, ,973.

The general aim of this chapter is to discuss the use of measures of eiectrodermal
activity (EDA) in relation to the theoretical concepts of attention and arousal. The presentation
consists of three major sections. First, there is a brief history of the use of measures of EDA as
"indicators of attention and arousal, followed by a more detailed description of the major
coriternporary theories of those processes. The second section deals with a more detailed analysis
of tne relationships between various measures of EDA and the theoretical concepts described in
,he -"rst section. The remainder of the chapter is devoted to a variety of rusearch problems in
which measures of EDA have been employed to investigate many of the propositions and
concepts dcveloped in the various theoretical approaches to attention and arousal.

971 Rasmussen, C. T. Evoked potential correlates of accuracy and confidence in a visual
detection task (Doctoral dissertation, University of Arizona, 1972). Dissertation Abstracts
International, 1972, 33, 2842B. (University MicrL2.r'ns No. 72-31, 847)

This study was an examination of the paramters of the visual evoked response to a
threshold level stimulus using a signa! detection theory paradigm. Use of the signal detection
approach allows exploration of possible r-lationships between confidence of stimulus detection
and the averaged evoked response.

Subjects viewed a dim one degree visual target p,. .ted to the uvea; the actual
stimulus was a threshold level inzrease in the target intensity. This intensity change w.-s present
on only half of the trials, with signal and no-signal trials randomly mixed,

After each trial the subject responded on a five point scale as to his confidence that
a Aiignal had been presented. EEG recordings were made form monopolar electrodes located at the
occiput, with1 the reference electrode located at the left ear. These recordings were used to form
computer-produced averaged evoked potential for each response condition.

Two lung latency, low 'rcquency components, with peak latencies at about 223 and
450 msec, appear to be strongly related to detection and confidence levl. This is in spite of the
,.. that stimulus intensities were identical across all five responsecategoriet.

These results are in agreemen1t with those reported by other *tuthors using a two
choice ("Yes" or "No") auditory task. rhe present method, however, allows an examination of
the relationship between confidence of deiection and the evoke; resonse.
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972 Ray, J. T., Martin, 0. E., Jr., & Alluisi, E. A. Human p as a function of the
work-rest cycle. (Publication R82). Washington, D. C.: National Academy of Sciences --

National Research Council, 1961.

The findings reported 'n the studies reviewed (a publication span from 1894 to
1960) are In general agreement th,'" both man's performance and his physiological processes
exhibit variations that are a funct*on of his being adaptod to a 24-hour day. His physiological
rhythms will show some, but not completeadaptation to a non-24-hour cycle when he follows an
atypical schedule of activities. However, persons differ widely in their ability to adapt, as well as
in the rapidity with which a maximum adaptation may bt compk.,±d.

Within broad limits, performance does not appear to vary significantly as a function
of the work-rest cycle, provided the work-rest and sleep-wakefulness ratios are held constant and
the period of observat;on does not exceed one week. An exception is the decrement commonly
observed in the performance of certain watchkeeplng or vigilance tasks. Man is apparently
capable of maintaining high-level petformances on various tasks while living according to rather
rigorous, atypical wark-rest schedules, at ledst for short intervals of time. It may be postulated,
however, that in many experiments various adaptive and motivational factors might be preventing
the occurrence of differences in performance, especially under the conditions of short-term e

study. These factors are of decided importance and may account for some of the conflicting
results obtained in the laboratory, field, and industrial studies reviewed.

Since some individuals continue to make adjustments to a new work-rest cycle over
a period of several months' duration, the need for additional investigations of the processes
Involved in the.e long-term adjustments is evident. Until such investigations have been completed,
and more definitive information is obtained, accurate descriptions of the apparently complex
relations among physiological and performance variables, work-rest cycles, sleep-wakefulness
cycles, and the durations and activities of the work, rest, and sleep periods will not be possible.

973 Rebert, C. S. The effect of reaction time feedback on reaction time and contingent
negative variation. Psychoph siology, 1972, 9, 334-339.

The contingent negative variation (CNV) and simple reaction time (RT) of human Ss
were rccorded when the imperative stimulus (IS) was either single flash, repetitive flash, numeric
feedback of RT, or ,iumeric no-feedback of RT. Reaction times were not significantly shorter,
but CNVs were larger when IS was flicker rather than sir.gle flash. RT was slightly faster, but
CNV was ro larger in one study when explicit numeric feedback was provided than when it was
not. Slightly larger CNVs were obtained in the no-feedback condition in a third experiment.
Conclusions were: (1) that the effectiveness of flicker vs flash in producing a CNV difference was
due to S's attempts to obtain feedback in the flicker condition and not to feedhack per se, and
(2) that the general hecdonic quality of the experiment produced by the degree of positive or *

negative reinforcement is a potent feedback variable, whereas RT feedback per se is not.
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974 Rebert, C. S. Further analysis of CNV and reaction time. Electroencephalograph' and
Clinical Neurophysiology, 1974, 37, 435-436. (Abstract)

It can be conc luded that there is a tendency for individuals with faster responses to
have larger CNVs. Within .,'ost subjects there is no relationship between CNV and RT, except
that the slowest RTs are associated with small CNVs. The slowest RT trials may reflect qualitatively
different responses than other trials and might be profitably excluded from CNV averages under
some conditions.

The results support the conclusion that CNVs and RTs reflec: relatively independent
biological functions, and they indica.e why CNVs are often found to differ at RTextremes, yet
are not highly correlated with RT.

975 Rebert, C. S. Functional cerebral asymme.ry and performance: I. Reaction time to words
and dot -- ,terns as a function of EEG alpha asymmetiy. (Zubmitted for publication to
Behavioral N uNopsychiatry.)

Alpha activity in left and right hemispheres was recorded while subjects performed
in verbal and nonverbal target detection/reaction time tasks. Alpha in the right hemisphere was
paradoxically enhanced during the nonverbal task, but RT varied as a function of differential
hemispheric arousal in the expected manner--e.g., RT to words was fastest in the performance set
showing greatest relative left hemisphere arousal.

978 Rebert, C. S. Functional cerebral asymmetry and performance: II. Individual differences in
reaction 'ime to word and pattern stimuli triggered by asymmetric alpha bursts.
(Submitted for publication to Behavioral Neuropsychiatry.)

The difference in mean square values of EEG alpha in left and right hemispheres
recorded from parietal scalp regions of 5 female and 6 male human Ss was used to trigger 50 msec
presentations of wortds or random dot patterns, and reaction times to correctly detected target
stimuli were obtained.. In 9 of 11 Ss the effect of left and right triggering was opposite for word
and pattern stimuli, although in only 4 Ss were results consistent with a simple interpretation of
alpha as an "idling" rhythm. The results support the hypothesis of complementary hemispheric
specialization and indicate that evert performance depends on the state of functional cerebral
asymmetry.

977 Rebert, C. S., & Knott, J. R. The vertex nonspecific evoked potential and latency of
contingent negative variation. Electroencephalograph' and Clinical Neurophysologv,
1970, 28 561-565.

Potentials evoked at the vertex of ten human subjects by clicks or light flashes were
compared to potentials elicited during conditions that gave rise to contingent negative variations
(CNVs). It was tentatively concluded that CNV onset does not occur before 400 rnsec after a
warning stimulus, and that CNV onset or amplitude or both are related to the optimal conditioned
stimulus-unconditioned stimulus interval in classical conditioning. The data were also interpreted
as suggesting independent g-nesis of initial and late cc -iponents of the vertex evoked
potential-CNV complex. Some methodological problem!; associated with the analysis of CNV
experiments were also suggested by the investigation.
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978 Rebert, C. S., & Low, D. W. Differential hemispheric activation during complex
visuomotor performance: PONG. Unpublished manuscript, Stanford Research Institute.

Bilateral EEGs were recorded from central, temporal and parietal scalp locations
from 7 male and 7 female human Ss while they were engaged in verbal and nonverbal tasks.
Alpha power was higher in the right hemisphere when Ss .istened to verbal materia, being read to
them; the reverse was true when Ss performed in an imaginative block rotation task. Compared to
intergame rest periods, alpha power was suppressed in the right hemisphere when Ss either
watched or played PONG (T.V. tennis). In temporal and parietal areas alpha asymmetry increased
linearly during most of a rally, but the trend was reversed during the 1 sec preceding an error.
The central leads showed an opposite trend during rallies and exhibited no reversal prior to an
error. The fact that watching PONG was nearly as effective in producing alpha asymmetry as
playing the game implies that the asymmetry was due most to perceptual factors. This
interpretation is consistent with the finding of greatest asymmetry parietally and lack of change
in central leads preceding errors.

979 Rebert, C. S., McAdam, D. W., Knott, J. R., & Irwin, D. A Slow p6tential change in
human brain related to level of motivation. Journal of Comparative and Physiological
Psychology, 1967, 63, 20-23.

Negative slow potential change (contingent negative variation or CNV) in human
cortex which develops in the foreperiod of a reaction-time experiment was studied as a function
of motivational variables. When the warning signal indicated that a difficult-to-detect auditory
stimulus would follow, CNV was greater than when an easily detected stimulus was signaled.
Instructing Ss to press a key at the onset of the second stimulus resulted in development of larger
anticipatory CNV than when no response was instructed. When muscular effort required to
complete a response to the 2nd stimulus was varied, larger CNV accompanied greater effort.
These findings extend those of other investigators and support the conclusion that CNV reflects
cerebral mechanisms related to motivation.

980 Rebert, C. S., & Sperry, K. G. Subjective and response-c"lated determinanm:s of CNV
amplitude. Psychophysiology, 1973, 10, 139-144.

The effect on contingent negative variation (CNV) of varying t•e difficulty of
obtaining reaction time (RT) feedback and the relationship of CNV and RT were studied.
Subjects (Ss) were run in a reaction--time-foreperiod experiment with 4 conditions of varying RT
feedback duration. Subjective reactions to the experiment were recorded by Ss on a
questionnaire and were divided by the Lxperimenters into two highly significant sets of mean
CNVs based on the most "positive" and most "negative" responses to the conditions. CNVs and
their associated RIs were analyzed, and a significant rank order correlation over all Ss showed
there was a trend for individuals with faster RTs to have larger CNVs. Individual correlations
were low and highly variable. Only the very slowest RTs were associated with small CNVs. The
failure of explicit RT feedback to h.ve any effect upon CNV amplitude is in agreement with
previous studies, and the significant association of CNV amplitude with written reactions of Ss
might prove a useful tool for further CNV analysis. Thz RT data indicated that CNVs and RTs
reflect relatively independent functions and that very slow RTs may reflect qualitative changes in
S's psychologicai state which affect both RT and CNV; and such trials might appropriately be
eliminated from CNV data analysis.
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gel Rebert, C. S., & Tecce, J. J. A summary of CNV and reaction time,
Electroencephalograph, and Clinical Neurophysiology, 1973, Supplement 33, 172-178.

A survey of the literature concerning the relationships between CNV and reaction
time led to the conclusion that those two events are, for the most part, independent and reflect
the activity of different psychological processes.

962 Reeves, C. T. Use of Kirlian photography in fatigue assessment (USAMC- ITC-
02-06-76-403). Red River Army Depot, TX: Safety Engineering Department and Texas
A&M University, December 1975. (NTIS No. ADA 026349)

In this research, assessment of fatigue by using Kirlian photography was investigated.
Both mental and physical fatigue were included in the study. The mental stressor used was
engineering graduate school class lectures; the physical stressor was softball games played under
hot, humid atmospheric conditions. The photograph parameter used to indicate fatigue was the
fingertip's corona diameter. A Wilcoxon .i ;ned rank test at the 0.99 level of significance
determined statistically significant corona diameter changes did occur in both cases. The diameter
significantly increased after applying the physical stressor and decreased after applying the
mental stressor.

983 Regan, D. Evoked potentials and sensation. Perception and Psychophysics, 1968, 4,
347-350.

Objective physiological measurements (evoked potentials) were compared with the
corresponding psychophysical observations for human Ss. Discrepancies were found between the
amplitude of the steady-state evoked potential (EP) and the sensations of flicker produced by
visual stimuli of different modulation depths. Poor correlations were also found between
subjective De Lange curves and amplitude vs frequency curves for the EP under conditions of
chromatic adaptation. It is suggested that two classes of EP can be distinguished; one correlates
well and the other correlatet, poorly with sensation.

984 Regain, D. Evoked potential and psychorhysical correlates of changes in stimulus colour
and intensity. Vision Research, 1970, 10, 163-178.

The intensities of two superposed beams of different colourswere sinusoidaliy
modulated at frequencies near 16 c/sec so as to generate an alternating-wavelength stimulus, and
used in a joint psychophysical and evoked potential (EP) investigation. The relative phases and
modulation depths of the two beams were varied and the conditions for minimum EP amplitude
compared with the conditions for minimum (or zero) subjective flicker. When the relative
modulation depths of the beams were varied, the funek'mental EP gave (a) no minimum, or (b) a
minimum displaced from the subjective minimum, or 1c) rarely, a minimum coincident with the
subjective minimum. This depended on the subject an J i,• e'ectrode position. Cases (a) and (b)
could be explained by the findings that (1 the relative phases o' the beams for minimum
subjective flicker differed considerably (50 - 110) from the relative phases for minimum EP, and
(2) the relation between the amplitude of the fundamental component of the EP and stimulus
modulation depth was different for different colours.

Minimum subjective flicker seems to be related to stimulus intensity, and
modulation depth in a different way than is minimum amplitude of the fundamental component
of the EP, so that whether the subject sees flicker has no correlation with the minimum in the
fundamental EP.
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5 Regan, D. Evoked otentials in cholo, senso physiol And clinical medicine.
London: Chapman & Hall, 1972.

The following subjects are reviewed in this book:

1. The activities of single neurons and evoked potentials.

2. Sensory information processing and evoked potentials.

3. Evoked potentials and psycholcgical variables [habituation, attention, distraction
and vigilance are discussed in this chapter].

4. C!inical applications of evoked potentials.

5. Techniques in evoked potentiai research.

Nine hundred and fifty-three references are cited in the bibliography.

9Ml Regan, D., & Beverley, K. 1. Relation between the rr •itude of flicker sensation and
evoked potential amplitude in man. Perception, 1973,' -65.

nates of the subjective magnitudes of flicker sensations correlate poorly with
the amplitudes of electrical brain responses (evoked potentials). A power function of exponent
between 0.9 and 1.5 describes the relation between stimulus and subjective sensory magnitude.
On the other hand, the relation between stimulus and objective measure varies with electrode
position, is different for different frequency components of the evoked potential, and may not
be a power function at all.

As a rough generalization, correlations between evoked potentials and perception arepoorer when spatially-unpatterned stimuli are used than when the stimulus is spatially patterned.

987 Regan, D., & Richards, W. Independence of evoked potentials and apparent size. Vision

Research, 1971, 11. 679-684.

When the eyes converge, there Is a large reduction in the apparent size of an
invariant retinal image. If the magnitude of the EP is correlated with apparent, rather than retinal
image size, then convergence should aiso lead to a change in the relation between EP amplitude
and the check size of an oscillating checkerboard stimulus. No definitive change in the EP
measure was found, suggesting that the neural consraitits upon the EP are more peripheral than
the site of size scaling.
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OW Regan, D., & Spekreijse, H. Electrophysiological correlate of binocular depth perception in
man. Nature, 1970, 225, 92-94.

We conclude, therefore, that the difference between the responses to horizontal and
vertical changes in retinal disparity in conditions of fused binocular viewing is a correlate of
stereoscopic depth perception and is not the result of displacements of the retinal image. 1 his
correlation is of interest for the following reason. Poor correlations have been reported between
perception and EPs to repetitive stimuli which lack spatial structure. One reason for this finding
might be that such EPs are strongly influenced by neural activities which take place at an early
stage in visual processing. This possibility suggested the design of an experiment in which the EP
should largely reflect centrally determined activity. In this experiment it was intended that there
should be minimal stimulation of either eye aloile, so that peripheral processes would probably
be unimportant. The stereoscopic correlate described above presumably reflects neural events
which are determined at a late stagc in the processing of visual information, and so might be more
closely related to psychophysical quantities than previously measured features of EPs.

egm Reinberg, A., Vieux, N., Laporte, A., Ghata, J., & Migraine, C. Rapid adjustment of
circadian rhythms in shift worker of an oil refinery. Proceedings of the 6th Congress of the
International Ergonomics Association. 1976, 507-509.

Some subjects (selected shift-workers) are able to rapidly adjust (within 1 or 2 days)
the timing of their physiological circadian rhythms to changes of work-rest schedule in the 24 h
scale. In shift workers, able to adjust quickly, the rapid rotation of shifts (3-4 days) seems to be
well tolerated from a chronophysiological point of view. This fact has to be kept in mind since,
socia:ly as well as psyLhologically the rapid rotation is preferred to the conventional weekly shift.

9w Reinond, A., & Lesevre, N. Variations in average visual evoked potential as a function of
the alpha rhythm phase ("autostimulation"). Electroencephalogra)hy and Clinical
Neurophysiolog, 1967, ._olemejn 26, 42-52.

The authors have studied, in normal man, the variations of the average visual evoked
potential (VEP) as a function of the phase of the alpha rhythm at the time of arrival of the
stimulating flashes.

Four different phases of the alpha rhythm, at regular intervals in the cycle, were
tested: the time of the maxima of a source and of a sink of the alpha rhythm, and of crossing the
baseline before a source and before a sink.

The greatest differences are seen with responses obtained by triggering the flashes at
maxima (source and sink); mainly the rhythmic after-discharge is affected: (I) this after-dischargr.,
is inhibited when flashes are given at the time of a maximum of an alpha source arnd
consequently, allowing for a perceptive integration time of about 50 msec, perceived by the
subject at the time of the maximum of an alpha sink; (2) this rhythmic activity appuars greatly
increased when the flashes, triggered on the maximum of an alpha sink, are seen by the subject
about 50 msec later, at the time of the maximum of a source, to such an extent that in certain
"cases it may appear prematu.,ely and mask the whole VEP; (3) Compared with the "average
alpha rhythm" obtained in the absence of any sensory stimulation, this rhythmic activity (early
or late) has the same topography and the same frequency but 's of considerably &,,eater
amplitude.

These results suggest that the phase of the alpha rhythm affects the response
indirectly by means of a non-specific mechanism of synchronization or recruitment whose release
(which may correspond to a phase of lowered alertness and thusof hypoexcitability) or inhibition
(increased alertness) transforms the appearance of the VEP.
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O1 Requin, J. Some data on neurophysiological processes involved in the preparatory motor
activity to reaction time performance. Acta Psycholotica. 1969, 3 358-367.

This study is concerned with an analysis of monosynaptic reflexes during the
foreperiod in a simple reaction time situation. There isa dissociation in direction, time course and
correlatiorn with motor efficiency of the changes of excitability of the spinal structures
controlling the muscles involved and not involved in the motor response respectively: the
inhibition of reflexes observed in the involved musclt is more predictive for the performance level
and more sensitive to the effect of probability of occurrence of the signal to respond to than the
augmentation of reflexes observed in the non-involved muscle. The significance and the
neurophysiological mechanism of this inhibition are discussed.

W20 Rey, P. The interpretation of changes in critical fusion frequency. In W. T. Singleton, J. Fox
& D. Whitfield (Eds.), Measurement of man at work. London: Taylor & Francis, 1971.

Our intention is, in this paper, to discuss in what ccnditions, in laboratory
experirents or in field studies, a decrease in CFF can be postulated to be due to mental fatigue.
It is well known that, when the frequency of an intermittent light is increased to a certain value,
our eye is no longer able to oerceive flicker; the frequency of this light at which fusion just
occurs is usually called critical fusion frequency or C-FF. Since the time Simonson and Enzer
suggested that CFF could be used as an indicator of mental fatigue, numerous studies have been
devoted to this problem (Simonson and Enzer 1941, Schrhidtke 1965, Grandjean 1967). As
pointed out by Schrnidtke the usefulness of the decrease in CFF as a tesi for mental fatigue
hinges on the question as to whether the variability of this function has its source in the
receptors, or whether it is of central origin (Schmidtke op. cit.). This author showed that,
measured in the same conditions, CFF could be lowered even in purely mental tasks, that is tasks
which did not involve a visual participatior.

However, we have to remember that CFF is primarily a visual performance and that
it reflects the activity of the visual system, from receptors to cortex. Therefore, we believe that a
more valuable approach to our knowledge than before-and-after-work measurement- depends
upon a complete investigation of all the factors which may influence CFF apart from fatigue, in
order to avoid attributing to it what is du! to other variables. Moreover, CFF is not sufficient to
deszribe man's perception of flicker. De Lange has shown that fusion can be experienced, at any
frequency of a sinusoidally modulated light, provided that the modulation amplitude is set, for
each frequency, at an appropriate level; plotting, orn a double log scale, frequency versus
modulation amplitude, this author described an entire curve which is called after his name. The
point at which the curve cuts the x-axis is the well-known CFF; everything located under the
curve is p;rceived as flickering, everything above it is perceived as fused (de Lange 1957).

Investigations of the de LUnge curve proved to be very fruitful in emphasizing the
close connections which exist between flicker and the activity of the visual system.

In this paper, we will refer to recent researches which deal either with CFF alone or
with the entire de Lange curve; we will consider different parameters which may play a role in
depressing flicker fusion thresholds without mental fatigue being involved in these experiments.
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SRie rma, . B. j., Sanders, A. F., Wildervanck, C., & Gailiard, A. W. Performance
decrement during prolonged ni~lht driving. In R. R. Mackie (Ed.), ftflAze: Thedv
o ational erformance, and physioloasal correlates. New York: Plenum Press, 1977.

It is argued that effects of fatigue on performance should be progressive as time toe
on and that, consequently, initial decrements, as found in many vigilance tasks, cAnnot be
ascribed to what is usually calied fatigue. Stud-es on very long-term performance, in particular
long-term driving, have generally failed to show progressive effects. This casms some doubt on the
usual implicit assumption that fatigue and long-term work are uniquely related. It is probable
that effects of declining diurnal rhythm, monotony and accumulating lack of sleep will also
contribute to fatigue.

In an attempt to demonstrate progressive decrement, an exploratory experiment was
carried out where the effects of long-term work, declining diurnal rhythm and accumulating sleep
Ion converge. Subjects carried out a continuous driving task between 22.00 h and 6.00 h, which
was preceded and followed by two driving tests of 45 minutes each. In another coidition they
had only the pre- and post test and slept in between.

The results showed progressive decrements of performance on several performance

measures, including lane drifting and two subsidiary tasks. In general, considerable recovery was

observed in the post-test. Although heart rate declined and heart rate variability increased during

the long nightly spell, strong arguments are raised against rclating heart rate and fatigue.
Suggestions for future research are discussed.

S4 Rietveld, W. j., Tordoir, W. E. M., & Hagenouw, J. R. B. Influence of attentiveness, of
vigilance task difficulty, and of habituation on cortical evoked responses and on artifacts.
Ac.a Physiolonica et Pharmacoloxic., Neerlandica, 1966, 14, 18-37.

Nearly all authors describe an increase in amplitude of cortical evoked responses

both to visual and auditory stimulation when the subjects' attention is focused on the stimuli.

From the descriptions of the experiments where the visual evoked response was investigated it

can be inferred that, in most cases, the recorded responses were contaminated by Artifacts. SincC

the two papers in which no such increase was reported are the only ones where the recorded
response could be supposed to be free from artifacts the question naturally arose whether, in
those cases, the observed increase might not be due to an increase of artifact amplitude. Two

series of experiments where visual and auditory vigilance tasks were given, in one case under

cnditioos when the response was contaminated and in the other where contamination was
f.xcluded showed that the auditory channel appeared to behave differently from the visual one in

that, while in the case of visual stimulation attention caused a decrease in amplitude both of the

uncont.aminated response and of the artifacts-so that an artifact increase cannot be invoked in

the explanation of the response increase reported by most authors--attention increased the

amplitude of the response and of t;he artifact in the case of auditory stimulation. The visual task

was experienced as much more difficult than the auditory task; in the latter performance was

much better. The visual task appeared to become somewhat easier with habituation, and

performance improved.

In a third group of experiments the visual task was made easier and the auditory task

more difficult.Now attentiveness increased response amplitude in the first case and diminished it

in the secidc. This, together with the fact that subcortical responses have been reported to

ncre4,3 , in the attentive state, suggests that in the case of a strong stimulation and of a difficult
task cortical responsiveness is lowered. Background EEG's show that, under these conditions,

there is a strong suppression of the alpha-rhythm; this suppression becomes less marked as the

subject gets used to the procedure.
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ON Rhtveld, W. I., Tordoir. W. E. M., & HaWnouw, j. R. B. The influence of alertne on de
amplitude of the visual evoked response and on reaction time. A • fj
Pharmoc Nerlandica. 1967.14. 23-299.

In fve subjects the way in which the amplitude of the wortical respons to
presentation of light flashes, and the corresponding reaction times depend on the length of the
iftemval betwee a warning click given prior to the tes stimulus and the Ilash ituuf was studied.
topther with the incidence of alpha-blocking at the moment the flash was given.

With itervals below 100 ins. - RT is lonqe than in the nonosred stale; in the
0-S00 mmec range it decreases with increase of click-flash 'nterval; it slowly increases again as the
interval is further increased. The amplitude of the cortical evoked response shows a sharp increase
with increat of interval from zero to about 200 mncc, to dimninish again upon further
lengthening of the interval. Resporse Latencies arm not sysematically depednt on interval
duration. Alpha-blocCing does not occur at interval kl&et below 100 mmcc; from 100 • mc up
its occurrence increae with increase of interval duration until, at an interval of one second, it is
present in 90% of the trials.

m Ritter, W., & Vaughan, H. G., Jr. Averaged evoked responses in vigilance and
discrimination: A reassessment. Science, 1969, 164,326-328.

With the use of monopolar recordings for averaged evoked responses, detected I
signals in a vigilance task are associated with a late positive component which is absent for
undetected signals as well as nonsignals. Bipolar recordings obscure the late positive component
associated with detected signals. The data sugest that the late positive component represents
cerebral processes associated with evaluation of unpredictable changes in stimulation.

997 Ritter, W., Vaughan, H. G., Ir., & Costa, 1._ D. Orienting and habituation to auditorv
s t i m u I i : A study of s h o r t term changes i, average evoked responses.
Electroencephalography and Clinical Neurophysiology, 1968, 25, 550-556.

Short term habituation in human subjects was studied by a method which provided
a stimulus by stimulus analysis of averaged evoked responses. Tones delivered every 2 sec resulted
in a rapid drop, during the first few stimuli, in the amplitude of the positive component of vertex
responses which peaks between 150 and 200 msec; but no similar change was found for tones
delivered every 10 sec. The rapid drop for the faster rate of stimulation was considered to have
only the appearance of habituation, and was viewed as reflecting refractoriness within theauditory system. On the other hand, when the first stimulus was presented in an unpredictable
manner it elicited a large positive component with a peak latency of about 300 msec. Similar
responses were obtained when an unpredictable pitch change was presented in an effort to elicit
dishabituation. Predictable pitch changes did not produce these results. 'he 300 msec component
was seen as reflecting a shift of attention associated with the orienting response.
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I Robinson, D. N. Visual reaction time and the humnn alpha rhythm: The effects of stimulus
luminance, area, and duration. I of Experinental P yc 1966,71, 16.25.

Human Ss in a vMual reactkI-time experiment responded to 'tumuli of
systegatiucaly varied luminance, am, and duration. Reaction time, EEG alpha blocking latency,
and alpha Wicking duration were rcorded and measured. The major rmdeink were: (a) Over a
range of luminances (0.65-10.0 mL) and exposure durations (10-200 mwc) constant I x t
products result in constant blockinglatncies., i.e.. Bloch's law. (b) Constant Products Of I x A
(Ricco's law) do not jead to constant blocking latencies beyond areas of 10. (c) Reaction time
decreases with increased luminance or area under equal-energy conditions and is independent of
duration oer the rana of t employed. (d) Blocking duration increases with stimulus duration but
is unaffected by lumzinance. (e) Correlations between reaction time and properties of the alpha
rhythm are determined, in large part, by stimulus variables.

N Roessler. R. Phy correlates of wpal peformnance (NGR 44-03.03 1). Houston,
Texas: Baylor Collkeg of Medicine, Department of Psychiatry, july 1971.

Although there is some sugestion in the drop-out and sleep data from this
experiment that it was distressing, the weight of the data can only support the interpretation
that, if it was stressful at all, it was minimally so. Most important is the absence of any significant
decrement in the level of performance throughout the 3 days, the criterion which was adopted as
the operational indicator of stress. The mood variables and all of the physiological data apart
from sleep are in keeping with the interpretation that the subjects were not highly act.vated--i.e.,
were not stressed. It must be concluded therefore that only the sleep data and the possible
relationship of personality to dropping out are of potential relevance to the problem of
predicting human vigilance performance in space flight. Th'. data suggests that well-trained men
can continue to perform well for extended periods (of at least 3 days) if the schedule is one
permitting time for sleep and the tasks themselves are ones whicn can be performed with few, if
any, errors. This interpretation, for the most part, fits with actual space flight experience.

On the other hand, the 9hase I sleep deprivation results suggest the likelihood that
more prolonged sleep deprivation would be associated with performance decrement. Since such

situations have occurred in space flight previously and likely will ag,,in, this possibility is b)eing
pursued presently in a new experiment !r. which subjects will be kept awake and performing

almost continuously for forty-eight hours.

1OOO Roessler, R. Personality, psychophysiology, and performance. Psychophysiolog, 1973,
10, 315-.327.

Research relating personality variables to physiological responsivity and to rmotor

performance is reviewed. Trait anxiety is not related to physiology but ego stirength is related to
chanfe in physiological levels. Skin conductance is most consistently related to ego strength
across experimental conditions and across subjects. Other physiological variables are also related
V.) ego strength in certain subjects under certain condition:, Data relating ego strength to other
personality variables and to pychomotor performance is also reviewed. A theory relating
personal;ty to physiological change is proposed.
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IM Roeaier, R., Collins, F., A Burch, N. R. Heart rate response to sound and light.
ychohyjia , 1%969,,359-369.

The heart rate (HR) response to five intensities of sound was examined in 18
subjects and to five intensities of light in 12 subjects Each subject was tested on four occasios
at monthly intervals. After covariance adjustment, Wlrnciant acceleration to sound was found
within the first 5 beats after stimulus onset but no significant deceleration occurred. There were
no differences between tutingp. Individuals' HR acceleration was reliable oWer testinps and
differing experimental contexts. No habituation occurred and no consistent relationship between
Hk response and ego strength was found. There was no significant HR response to light
stimulation. The resultswere discussed in relation to Graham and Uifton's(1966) hypotheses
concerning the relationship of the HR response to the orienting reflex (OR).

loomRohmert, W. An international symposium on obi .tive asessment of work load in air
traffic control tasks. E 1971. 14, 545-547.

The first International Symposium on Objective Assessment of Work Load in Air
-Traffic Control Tasks, arranged by the 'Stress in Air Traffic Control Research Association -

SATCRA" in June 1971 at Daimstadt, is introduced. A distinction is made between objective
methods and results of the determination of stress of work tasks and subjective strain on the
controllers due to these stressing factors, Certain stressors cause different strain in different
contrllers because of their different individual capac•ties and abilities. Methods and equipment
for determining individual capacities and approaches for correlating stress and strain are referred
to.

100M Rohmert, W. Determination of stress and strain of air traffic control officers. In K. E.
Klein (Ed.), Methods to assess workload. AGAR Conference Preprint, No. 216, 1977.
(Available from: National Technical Information Service, 5285 Port Royal Road,
Springfield, VA 22151.)

Heart-rate is an integrating measure of strain. Heart-rate is not only influenced by
the mental load of the controller, which may be evaluated by determining the number ofaircrafts under control or the rated 0fficulty -n fulfilling the task, heart-rate is also influenced

by the more emotional stress which ,;an be evaluated by the number of aircrafts which will be
expected. The number of expected aircrafts is reaching its maximum before the number of
aircrafts under control or the rated difficulty it sl'owi,-g maximal values. Due to these emotional
reactions an increase in the intentional basic tension of the air-traffic controller can be expected.
Due to this hypothesis heart-ratz must show an increase also with the increasing number of
air.crafts expected. The highest values of heart-r3te occur not only at the peak of mental load but
also at the peak of emotional load.

By some further additional experiments it could be shown that a good prediction of
the strain measure heart-rate coukl be gained also hy evaluating the stress measure of number of
aircrafts under controi only. And :i far as heart-rate is influenced moreover not only by mental
but also by emotional work load, we preferred this measure for evaluating strain.This does not
exclude that other strain measures allow a suitable description of specific components of the work
load of air-traffic uontrollers. This might be shown in some examples of measurements of tremor
activity as wed as catecholakiine secretion.
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10041Rohmert, W., & Laurig, W. Zusammenhang zwischen belastungsund
beanspruchunlpparameterni bei fluglotsen in der flugverkehrskontrolle. I Relationship
between stress and strain parameters in flight controlleft in air traffic control.h
Arbeitmedizin-Sozialmedizin-Amdzitshylia 1972,_., 252-257.

Results of field studies with 34 subjects in air-traffic-control show significant
correlations between heart rate as a parameter of stsain and the numbcn of planes controlled by
tie subject. Furthermore a strong conelation betwee heart rate and subjective sensation of
difficulty of the situation was demonstrated. The methods demonstrated and discussed render
poofile a prediction of variatiom of the parameters of strain by analyses of suitable parameters
of strs. There is an indication to believe that the correlation bttweer, heart rate and sensation of
difficulty proves the asumption, that parameters of strain reflect components of the complex
triain wc the su etjst.

1006 Rohmcrt, W., Laurig, W.. Philipp, U., & Luczak, H. Heart rate variability and work-load
mesm ment. Ka mc, 1973, 1_633-44.

Heart rate vsiability is a result of the superimposition of different sources of

variation which am systemized. Three parameters are used to describe the phe~nomenon of heart

rate variation. The range of variation of these parameters is discussed using examples from both
laboratory and field investigations. Analyses demonstrate a correlation between heart rate and
their variability. Discussion of the variation of the chosen parameters suggests that, when heart
rate variability is used as a measure of strain in field research, strain might be under-assessed.

1006 Rohrbaugh, J. W., Donchin, E., & Eiiksen, C. W. Decision making and the P300 component
of the cortical evoked response. Perception and Psychophysics, 1914, 15, 368-374.

The amplitude of P300, and of other componenas of the evoked potential, was
examined, during a task which required Ss to make a response appropriate to the conjoint
properties of two rapidly successive visual patterns. In one set of conditions, the task was
structured such that both stimuli were needed for the choice judgment. In another set of
conditions, the task was changed from choice to simple RT by presenting the patterns in a
predictable order. It was observed that P300 was enhanced during the choice RT conditions and
that this enhancement was present only for the P300 following the stimulus permitting the
choice and not the other, relevant but not decisive, stimulus appearing in close temporal
proximity. An appreciable degree of independence between P300 and other components was
indicated by the appearance of P300 under conditions in which other evoked potential
components were entirely refractory. The data support an account for P300 in terms of
poststimulus processes, such as decision making, and not in terms of preparatory adjustments.

1007 Rohrbaugh, J. W., Syndulko, K., & Lindsley, D. B. Brain wave components of the
contingent negative variation in humans. Science, 1976, 191, 1055-1057.

In a contingent negative variation'*paradigm with two stimuli paired at an
interstimulus interval of 4 seconds, two distlnr4 waveforms having functicnal ared topographic
differences are observed. An early wave is maximal over the frontal cortex and is elicited by the
warning stimulus. A later wave, maximal over the motor cortex, precedes the imperative stimulus
and is identified with preparation for motor response.
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ca Rohrbauglh, W. Syndulko, K., & Lindsdey, D. B. Frontal negative waves following
unpaired tones: Their relation to task variables. Pschophysioo 1977, 14, 92.
(Ahstract)

When the CNV interval is lengthened to 4 sec or more, separate early and late waves
often can be observed. In a previous report (Rohrbaugh et al., Science 1976) it was suggested
that the early negative wave following a warning stimulus is related more to characteristics of that
stimulus than to the contingency between warning and imperative stimuli. In the experim..it
described here we have recorded negative waves follow~ng single (unpaired) tone pips, and we
have related the amplitude of these waves to a variety of task variables. In all cases the waves are
distributed maximally over frontal sites, where they can attain amplitudes of 15 pV or more
within the first sec and can persist for up to 2 sec. Compared to no-task conditions, instructions
simply to count stimuli produced a several-fold increase in amplitude. Further enhancement was
obtained by requiring a difficult pitch discrimination, or by embedding the counted stimuli in a
train of more frequent non-targets. Separate conditions using simultaneous trains of visual and
auditory stimuli (each train having both rare and frequent stimuli) established that the
enhancement occurred only for stimuli in the designated target modality. While most of these
tasks elicited also a large parietal P300, it appears that P300 and the aegative afterwavc can be
dissociated. P300 wai nearly absent during the simple counting condition (which yielded a large
negative wave) and, conversely, the infrequent omission of a tone pip from a regular train yielded
clear P300s but no discernible negative afterwave.

The ubiquity of these negative afterwaves surgests that they often may be present in
various CNV paradigms as well, where they could account for an appreciable portion of the CNV
waveform.

1i0o Rosadini, G., & Rossi, G. F. Spectral power analysis of the electroencephalogram during
physiological sleep *"- man. Activitas Neriosa Su__eCior, 1969, 11, 106-110.

Preliminary results of a spectral analysis of cerebral electrical activity during waking
and nocturnal sleep of healthy subjects are reported. The occurrence and characteristics of
rhythmicity were considered. Rhythmicity (i.e. periodic oscillating potentials, phase-locked in
time) is present during relaxed wakefulness and during sleep. However, frequency and
topographical distribution of rhythms is different in the two conditions. Furthermore,
rhythmicity is quite evident in certain sleep phases and not in others. The different quantity,
frequency and spatial distribution of electri:al rhythms observed in wakefulness and in the
several sleep phases indicate that these funct~onal states may be mediated by different brain
systems or mechanisms.
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1010 Rosen, S., & Czech, 0. The use of electro-oculography for identifying phases of cognitive
process. PsychoDhysioloiy, 1966,3, 203-212.

The present investigators were partly concerned with possible uses of
electro-oculography for studying the cognitive process in decision-making situations involving
nonneutrai visual stimuli.

S was faced with receiving an electric shock if on critical trials he correctly reported

(manually) the identity of the visual stimulus, or with escaping shock by incorrect reporting.
E.ectro-oculogram responses were ascertained to identify eye movements. The first study
employed slit geometric figures as critical stimuli and nonslit figures as noncritical stimuli. The
second study differed only in using blanks as critical and nonblanks (figures, as noncritical
stimuli.

The 80 males in the first study showed longer ocular latency, then greater ocular
avoidance (narrower excursions) but longer stimulus viewing, then longer post-stimulus viewing
on critical compared to noncritical trials. The 25 males in the second study sh-owed relatively
greater ocular latency, then greater ocular avoidance avid briefer stimulus viewing, then briefer
poststimulus viewing on critical trials. Discrepancies between the two studies were discussed.

The results clearly indicate the applicability of electrooculography fcr identifying
phases of cognitive process.
1oll Rosenbrock, F. Hardware problems in ergonomics measurements. Er.ýnorics, 1971, 14

617-623.

The most difficult problem in analysing man-machine systems is the assessment of
the operator's work load. The methodological difficulties are evident because of the human
complexity and the necessity of avoiding any interference in the work situatiorn. These problems,
especially the great number of data needed, necessitate: new concepts in ergonomics
measurements.

By using an actual problem, the analysis of the task and work ioad of radar
controllers, the application of multichannel automatic data acquisition and processing is
demonstrated. For assessing strain, advantage is taken of the physiological variables.
electro-cardiogram (ECG), electro-oculogram (EOG) in both directions, electro-myogram (EMG)
of a back muscle and respiration. To correlate these variables with factors of stress and strain a
coding is described, which renders the evaluation of a multi-dimensional work process study
automatically and synchronously with the physiological data.

1012 Ross, R. M. Vigilance: Summary And ril¢. llt Toronto: University of Toronto,
Department of Industrial Engineering, September, 1967. [abstiacterd ,n AIIE
Transak. tions.]

The purpose of this research was to summarize the literature In the field of vigilance
and point out the areas of agreement and disagreement. The first three chapters lay the
groundwork In this regrd. In addition, several suggestions for future research are made. A model
based on a corotblnaticn of the arousal, expectancy and filter concepts In conjunction with
statistical decision theory Is developed and used to analyze some of the more Important
experiments. Further, several practical applications of vigilance research are suggested.
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i1m1 Ross, S., Dardano, J., & Hackman, R. Conductance levels during vigilance task
performance. Journal of AP211C Psychology 1959, 4ý, 65-69.

Conductance during a vigilance task and its rahltionship to performance was
investigated. Apparatus and procedure were similar to that used by Mackworth in his "clock"
test. Six men and three women students were used as Ss.

The conductance trends over the two-hour session formed three clusters: ascending
In four Ss, descending in three Ss, and cyclical in two Ss. No significant differences were found
between the performances of these three clusters nor between high and low conductance groups.
The results suggest, however, that higher conductance level is associated with better performance.

Eleven of the 15 errors of commission occurred during the first half-hour. None of
these were made by the Ss with the four higher conductance levels.

1014 Roth, B. The clinical and theoretical importance or' EEG rhythms corresponding to states
of lowered vigilance. Electroencephaloxraphy And Clinical Neurophysiology, 1961, 13,
395-399.

1. States of lowered vigilance are characterized by EEG rhythms correspon.ding to
the period of transition from awakeness to sleeping. Their appearance in the EEG may, however,
be infraclinical.

2. The author distinguishes four stages of reduced vigilance and describes their
morphological appearance, dynamics, reactibility to external stimulation and responses to
methods of activation.

3. Signs of lowered vigilance are most common in narcolepsy and hypersomnia, in
organic dise-res af the me3ediencephalic region especially those of traumatic, inflammatory and
neoplastic origin, ir psychomotor epilepsy and in Peurotic conditions of all kinds as well as in"vegetative dystonia" including constitutional spasmophilia.

4. The states of lowered vigilance show a marked resemblance to Pavlov's hypnotic
phases.

5. It is suggered that signs of Inwered vigilance are due to insufficiency of the
subcortical mechanisms of activation; these are of particulat importance ii1 causing ,metotic
symptoms.
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1015 Roth, W. T. Auditory evoked responses to unpredictable stimuli. Psychophysiology, 1973,
10,125-138.

The auditory evoked response (AER) to unpredictable stimuli was studied in 18 Ss.
One hurndred msec sound bursts consisting of either a pure tone or white noise were presented
every sec. One type of stimulus constituted ihe frequent expected stimulus and the other the
infrequent stimulus that occurred as a random substitulion. For the low probability (LP)
stimuluh condition, the mean ratio of infrequent to frequent was 1:30; for the intermediate
probability (IP), 1:15; and for the high probability (HP), 1:7.5. Ss were instructed to ignore
the sounds.

The amplitude of a late positive wave (P3) of the AER was largest in the LP and
smallest in the HP condition. There was a general decrease of all AER components over the
course of a session. No evidence of dishabituation in the AER to the stimuli following the
infrequent stimuli was obtained. The results of a detailed analysis of two orbital leads mke it
unlikely that eye movement or eye blink could account for the results.

1016 Roth, W. T., Ford, J. M., & Kopelf, B. S. Event-related potentials and reaction time
fluctuation. Psychophysiology, 1977, 14, 100. (Abstract)

Feur hundred fifty moderately loud tone pips separated ýv a constant 1 sec interval
were delivered to 12 subjects. The pips were of three pitches given in a random sequence. The
400 and 1600 Hz pips each had a probability of 0.15, and the 800 Hz pips had a probability of
0.7. For each subject, either the 400 or 1600 Hz pips were designated as targets in a -eaction time
(RT) task. Recording was from F z , C z , and P z referenced to linked ears, aid from eye
electrodes.

Stimulus-synchronized averages (SSAs) to infrequent tones contained two
prominent waves: a P3 and a slow wave (SW). P3 had a mean latency of 340 msec and was
positive in all leads with a parietal maximum. An SW followed P3 and was positive in Pz but
negative in Cz and Fz. SW and P3 amplitude were larger, and P3 latency was 15 msec shorter, to
targets than to non-targets. SSAs were computed for RT quartiles (Q1-Q4) of each subject.
Between Q1 and Q4, P3 amplitude decreased while SW amplitude increased, demonstrating
behavioral dissociation of the two waves. Between Q1 and Q4, RTs increased from 366 to 540
msec, while P3 !atency (in Cz) increased from 328 to 359 msec. Response-synchronized averagts
computed for each RT quartile showed no response-related deflections that could explain the
effects in the SSAs.

These re:ults imply that differences in the speed of stimilus evaluation account for
only a smail part of RT variance.
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1017 Roth, W. T., Ford, J. M., Lewis, S. I., &Kopell, B. S. Effects of stimulus probability and

task-relevance on event-related potentials. Psychophysiol0g, 1976,13, 311-317.

Stimuli were delivered to 12 subjects in a sequence that included regularly occurring
standard tone pips, random warning tone pips, and random white noise bursts. Half the noise
bursts were preceded by warning tones (high probability), and half were not (low probability).
There were four runs, each having one of two noise burst intensities, and each having the warning
tone and noise bursts either both task-relevant to a reaction tine task or both task-irrelevant.
Event-related potentials (ERPs) were obtained by signal averaging in Fz, Cz, Pz, and eye leads.

The P3 to the warning tone was largest in P z and was not affected by task
relevance. CNVs preceded all the high probability noise bursts. These CNVs had an amplit , of
5 gV even when the bursts were task irrelevant. Low probability noise bursts elicited largL, P3s
in all leads for the task-irrelevant conditions, but only in P z for the task-relevant conditions. In
C z the amplitudes of N1, P2, and P3 to the high probability, task-relevant noise bursts
correlated with the amplitude of the preceding CNV.

1018 Roth, W. T., & Kopell. B. S. The auditory evoked response to repeated stimuli during a
vigilance task. Psychophysiology. 1969, 6, 301-309.

The auditory evoked response was measured between the vertex and left ear in 9 Ss.
In an extension of the idea of the recovery function, series of tones, including sets of 5 tone pips
with 'A, 1, or 2 sec between them, and 11 sec between sets, were presented, while Ss were
instructed to press a button whenever there was a change in tone length. Because of the slow
recovery of this response, no subtraction procedure was necessAry. There were 6 runs
representing 6 experimental conditions for each S.

Habituation within runs was not obserVed, but there was significant habituation
between runs in spite of a constant vigilance level. The evoked responses to the second and
subsequent stimuli of each set were much smaller than to the first, depending on the
interstimulus interval within sets. Evoked responses to 65 db stimuli were less than to 85 db, but
showed proportionally the same changes with successive stimuli.

1019 Roth, W. T., & Kopell, B. S. P 300 -- An orienting reaction in the human auditory evoked
response. Perceptual and Motor j 1973,36,219-225.

The auditory average evoked response (AER) to unpredictable changes in tone-burst
frequency was studied in 12 human Ss who were instructed to ignore all tones. In the vertex-ear
leads the AERs to frequent tones contained the usual negative-positive complex (N1-P2 -N2 ). The
AERs to infrequent tones generally were more positive in the 300-msec region as compared to
that region of the AERs to frequent tones. This positivity decreased during the session as did the
N1-P2 amplitudes. Average NI-P 2 amplitudes were not different for the two stimulus conditions.
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10Roth, W. T., Kopell, B. S., & Bertozzi, P. E. The effect if attention on the average evoked
response to speech sounds. Electroencephalo•.rapy and Clinical New-ophysiol2gy, 1970,

S38-46.

The average evoked response to pre.recorded sentences and monosyllables was
studied in ten subjects. EEG recordings with electrodes at the vertex and left ear were averaged
with the use of trigger pulses generated synchronously at the onset of each syllable. Two tasks
were presented. In the first, the subjects w-re asked to listen to or to ignore certain sentences on
which they were later tested for recall. In the second, they heard a list of monosyllables fromwhich they were to distinguish nonsense words from meaningful words.

The amplitude of the evoked response to the first syllable of each sentence was
approximately 8 t•V, measuring from N1 to P2  whereas the evoked response to subsequent
syliables was only 1.5 pV. A crucial factor in the size of the response may be the duration of the
silence between stimuli, since the first syllable of each sentence was separated from the end of
the previous sentence by a 3.5 sec pause, whereas the rest of the syllables were separated only by
the much shorter pauses of continuous speech.

Attention and nonattention conditions produced differences in the wave forms that
were shown by a discrimination index based on multiple cross-correlations between wave forms
to be significant at the 0.01 level. These differences were idiosyncratic to the individual subject,
usually appearing in the N1 - P2 region. Sense and nonsense words could not be distinguished
•y this discrimination index.

1021 Rothman, H. H., & Davis, H. The amplitude of slow evoked cortical resoonses in relation
to temporal features, of stimulation. Electroencephalography and Clinical Neurophysiology,
1969, 27, 699-700. (Abstract)

A series of experiments were run to determine how slow evoked cortical responses
were affected by temporal features of auditory and shock stimulation, in human subjects. The
response was recorded extracranially between vertex and right mastoid. Amplitude was measured
from the 100 msec negative peak (N1) to the 200 msec positive peak (P2 )"

The findings suggest that the slow evoked response is influenced by the most
recent preceding event, and by a summation of events earlier than.the most recent, but not by
individual events earlier than the most recent.

1022 Rousey, C. L., & Reitz, W. E. Respiratory changes at auditory and visual thresholds.
Psychophysiolory, 1967, 3 258-261.

Length of respiratory cycles was monitored while Ss were presented with (1)
auditory and (2) visual stimuli varying in intensity. The phenomenon of greatest slowing in
respiration occurrirg at the S's auditory threshold was demonstrated. However, no consistent
relationship was demonstrated between length of the respiratory cycle and visual threshold.

38

380 .



1023 Rousseau, J. C., Bostem, F., & Dongier, M. Studies on CNV: Interest of recording its
progressive construction during summatian. Electroencephalography and Clinical
Neurophysiolo y, 1968, 24, 95. (Abstract)

Instead of extracting merely the integrated CNV from the computer or from the
magnetic tape, each sequence of stimuli is written out through an X-Y plotter. In this way the
progressive construction of the CNV is visualized through each of the 10 or 20 sequences.

This method offers at least 3 helpful possibilities: (1) Facilitating detection and
elimination of some artefacts (due to eye movements or psychogalvanic reactions). Comparison
of tiK,, mrimary EEG record, on the one hand, with the constructed curve of the CNV, on the
other, allows localization of the artefact-containing sequences. It is easy then to extract from the
magnetic tape a new CNV, excluding these sequences. (2) Correcting DC potentials, if they are
disturbing, or, contrariwise, making sure of the constancy of their influence. (3) Following, step
by step, the influence of fluctuations of the mental state on the CNV: for instance, distraction
(with no difference in reaction time) may be revealed by the fact that a subject's CNV does not
build up at all during part of the experiment, because he was day-dreaming ai that time.

1024 Rowland, V., Gluck, H., & Wasman, M. Review of -led slow potentials of the
brain: Their relations to behavior by W. C. McCallum & J. R. Knott (Eds.),
Psychophysiology, 1974, 11,608-610.

This volume is a definitive resource for anyone entering the field and a valuable
progress report for all psychophysiologists. New as well as old investigators in this field would do
well to concentrate on the caveats in the discussions and Knott's statements before embarking on
a study or continuing to repeat the uncertainties in techniques the discussion sections Cf this
volume identify. These reviewers heartily endorse the pleas for the use of DC recording and
speculate that not asing it restricts investigators to sampling epochs too brief for many of the
psychophysiologic processes they want to study.

The work is well-organized and valuably indexed. It covers methods, physiologic
mechanisms, ontogenetic aspects, relationships to human and animal behavior, to autonomic
functions ýind to clinical applications.

The CNV is found independent of some variables. For example, reports claim CNV
independence from motor response and readiness potential (Donchin, Weinberg), the P300
component of the evoked response (Donald and Goff), the reaction time (Rebert and Tecce,
McCallum and Papakostopoulos), oxygen potential (Walter), lateralized stimulation in split brain
humans (1-lillyard), and presumed lateralized cerebral functions (Marsh and Thompson).

CNV is claimed to interrelate with other variables or processes, some of them
contradictory to the ciaimed independencies sample above. For example, Becker felt that the RP
and the CNV were essentially the same phenomenon. CNV interrelationship was reported with
sex of the subject (Knott and Petersl, stress (ibid), sleep loss (Naltoh),expectantattention
(Weinberg, Tecce and Hamilton), distraction (Tecce and Hamilton), reaction time and accuracy
(Cohen), bradycardia (the Laceys, Papakostopoulos and McCallum), phase of respiration
(Gullickson and Darrow, with contradictory experience presented by several other investigators).
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X= Rozhdestvenskaya, I., 4 Levochkina, M. A. IFuinctiona. states when performing
monotonous work and the strength of the nervous system.] (In Russian) In V. D.
Nebylitsyn (Ed.), Problems of differential psychophysiology: VII. Moscow, USSR:
Pedagogika, 1972.

Studied functional changes in the nervous system during the performance of
monotonous mental work by 30 Ss in 3 groups differing in strength of wee nervous system.
During monotonous wo. k, the inhibitory state of monotony appeared in the nervous system. Ss
with stronger nervous f ystems were more prone to the appearance of this state. In this case, the
most important aspect of nervous system strength was that which manifested itself in the absence
of EEG photo-driving effects. The inhibitory state of monotony manifested itself in the
variability of simple motor reaction latencies and in the absence of the increase in brain electrical
activity during the work. The state of monotony affected the shape of work curve and the
quality of performance of the work. Drowsiness developed in a wave-like manner and preceded
the objective signs of monotony. In some Ss a state of excitation accompanied by an increase in
EEG theta-activity was observed during the monotonous task. This state was not related to the
strength of the nervous system.

102 Ruchkin, D. S., Sutton, S., & Tueting, P. Emitted and evoked P300 potentials and
variation in stimulus probability. P.vchophysiology, 1975, 12 ,591-595.

There have been a number of reports of a cerebral potential occurring at about the
time of an expected but absent stimulus when absence provided significant information for the
subject. This potential consists primarily of a positive peak occurring with a latency of about 300
msec with respect to the time of stimulus absence and is referred to as an emitted P300 potential.
It has been conjectured that the emitted P300 -is a manifestation of the same process that
underlies the evoked P300. Evidence supporting this hypothesis is provided by demonstrating
that both the evoked and emitted P300 potentials are similarly affected by variation in event
probability. A paradigm was used in which click presence and absence provided information. The
relative probability of click presence and absence was e"'x'rimentally manipulated. Both evoked
and emitted P300 amplitude responded in the same way to event probability, larger for the less
frequent event and smaller for the more frequent event.

1027 Ruhm, H. B. Lateral specificity of acoustically-evoked EEG responses: I. Non-verbal,
non-meaningful stimuli. Journal of Auditory Research, 1971, 11. 1-8.

Three experiments were performed to determine whether a hemispheric signature is
exhibited by these electroencephalic responses (N 80-P 130? evoked by clicks. These studies
involved differences in responsivity between hemispheres (a) during monaural stimulation, (b) as
a function of inter-signal interval, and (c) under two levels of attention, onc- produced by S's
reading standard magazine material, the other by his performing a discrimination task on the
stimuli. A fourth experiment dealt with the effect of aural laterality. Results are summarized as
follows: (a) A constant inter-hemispheric relationship was found for stimulation to the L ear,
risponses being approximately 50% larger at the R hemisphere (T4) than the !.(T3). Stimulation
of the R ear revealed no such consistent result across Ss. (b) At an inter-signal interval of 400
msec the P2 component, record'd at T4, reached at least 80% of maximum magnitude, whereas
at T3 this peak recovered to only approximately 50%,regardless of which ear was stimulated. (c)
Attention to stimuli had no differential effect across hemispheres on the P2 component. (d)
Responses from both temporal areas and the vertex were enhanced when clicks were presented to
the L ear as compared to the R.
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1028 Rusalov, V. M., & Mecacci, L. I Relationship between stability of attention in a cancellation
task and alpha-rhythm frequency of background EEG.1 (In Russian) Vopoo Pslikholoiil,
1973, 19, 32-44.

Mea s u red the relationship between alpha-rhythm and attention in a
letter-cancellation task in 36 university students. Alpha, beta-i, beta-2, delta, and theta rhythms
were recorded from frontal and occipital points, 1 in each hemisphere, and 20 energetic measures
obtained. Nine measures of attention calculated according to 2 methods were used. EEG andattention measures were correlited and factor analyzed. The best index of the stability of

attention was a summary measure of productivity of attention suggested by I. L. Baskakova, It
showed sigi..,icant positive correlation with alpha frequency in all recoi-ding sites but did .iot
correlate with any of the energetic measures of background EEG.
ion Rust, I. Habituation and the orientiog response in the auditory cortical evoked potential.

Psychophysiology, 1977, 14, 123-126.

Haltituation of the auditory cortical evoked potential, the GSR, and heart rate was
measured in 100 male subjects. Stimuli were 31 tones of 1 sec duration with an ISI of 33 sec.,lIl
st;muli were sinusoidal, at a frequency of 1000 Hz, and at an intensity of 95 dB (re 20 N/CM'4).
1 ne EEG was measured from bipolar electrode placement to the C z and T3 scalp locations.
Evoked potentials were averaged over 3 successive blocks of 10 stimuli. The GSR habituation
scores were the regression coefficients over trials of the response amplitude in square root
conductance. Significant habituation of all evoked potential amplitude components was found.
This was a rapid proce:;s occurring betwe.,n the first and the second 10 stimuli. The habituation
score for the most %ignificant evoked potential variable (P200) was found to correlatw
significantly with the GSR and heart rate habituation scores. These results were interpre.ed a-
Miggesting that the amplitude of the evoked potential was enhanced by the orienting reaction.

1030 Rutenfianz, I., Aschoff, J., & Mann, H. Investigations concerning reaction 11me in relatirn
to duration of sleep and time of day. In A. i. Benson (Ed.), Rest and activity cycles for the
maintenance of efficiency of personnel concerned with, military flight operations. A.ARD
Conference Proceeding. No. 74, 1970. (Available from: National Aeronautics Space
Administration, Langley Field, Virginia 23365; Attn: Report Distribution and Slorage
Unit)

Circadian rhythm of bod&y functions. During the initial test period when subjects
were on land and did not keep watch, a clear circadian rhythm was demonstrated by all the
variables measured. Thus body temperature and pulse frequency had maximum values at 20.00 hr
and minima at 04.00 hr. Potessium excretion reached a peak at 16.00 hr with a minimum at 04.00
hr. This pattern of activity was also reflected in the performance of the psychomotor task for the
average reaction times were shortest when tested at 16.00 and 20.00 hr and longest at midnight
and 04.00 hr.

When aboard the training ship the circadian rhythm exhibited by body temperature,
heart rate and potassium excretion was not influenced by watch keeping duties. Only the
reaction time measure showed a clear dependence upon the time at which the subject had to
keep watch; the longest average reaction times were recorded in subjects who worked the 20.00 -
23.59 and 04.00-08.00 hr watches.

Deoendence .f L.•JL time upon durjo of 211Mp. Subjects who h~d to work the
night watches did not all have the same amount of sleep before they came on duty. This was in
part attributable to the rotating shift system, and in part to individual patterns of behaviour. The
influence of the duration of sleep on reaction times was assessed at midnight and 04.00 hr. At both
of these times, the shortest mean reaction time was measured in subjects who had slept for 4 hr
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before beginning the watch. If the subject had slept for a shorter period the reaction times were
proportionatdly prolonged, though when tested at the end of the 4 hr duty period the reaction
time was shorter than that at the beginning ot the watch.

1031 Rutenfranz, J., Aschoff, J., & Mann, H. The effects of a cumulative sleep deficit, duration
of preceding sleep period and body-temperature on multiple choice reaction time. In W.
P. Colquloun (Ed.), _.. sts 2f human efficiency: Diurna: ,thm and loss of sleep.
London: English Universities Press, 1972.

(1) Body temperature, reaction time, potassium excretion and pulse rate showed
clear 24-hour rhythnis when measured at 4-hourly intervals over five separate periods, each of
about one week's duration.

(2) Restriction of sleep to about 5 hours per day for three months had no significant
effect either on the periodicity or on the daily mean level of reaction time.

(3) Reaction time at night is affected by the duration of the preceding period of
sleep or wakefulness. The shorter the duration of the sleep period the longer the reaction time.
However, reaction time at night is in all cse s longer than during the day. Thus the range of
oscillation of the diurnal rhythm of reaction time is largely dependert on whether the subject
sleeps or not before being tested during night hours.

(4) Both body temperature and reaction time exhibit circadian rhythms which
appear to depend on each other only because of their simultaneous control by Zeitgebers. There
4 no support for the l'ypothesis that reaction time and body temperature are causally related.

1032 Rutley, K. S., & Mace, D. G. W. Heart rate as a measure in road layout design. Ergonomics,
1972, 15,165-173.

It is known that stress, both psychological and physical, along with other faators,

increases the heart rate. Making the assumption that a poor road junction design gives rise to
greater stress than a good design, experiments have been carried out to determine whether driver
heart rate changes can be used as a measure of the stress induced by various road junction
designs.

Statistically significant differences in average heart rates were obtained for different
parts of motorway interchanges, the order being as expected from a subjective estimate of their
difficulty. However, a comparison of corresponding parts of different interchanges did not lead
to significant differences. It is believed that this was only through lack ofa sufficient number of
results and that the method would be sensitive enough if more results wece obtained.

A second part of the work investigated instantaneous heart rate rises. It was found
that considerable care must be taken in interpreting such changes since very often the control
movemen2s required at a junction involve suffici.nt physical effort to produce heart rate changes
of the same order as those produced by psychologica: stress.
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03 Ruttkay-Nedicky, I. Attention and autonomic (heart rate) regulations. In C. R. Evans & T.
B. Mulholland (Eds.), Attention in n London: Butttrwoiths, 1969.

In conclusion, while there is evidence for reflex facilitation of sensory intake during
attention arousal, via central and peripheral threshol i variations, the later autonomic changes
seem to be Instrumental in preparing the subject for be-ng ready for action-i.e. for the
consequences of the sensory intake. At the same time the sharp causal relationships in our
conceptual schemes of the orienting reaction, of attention arousal should be loosened and due
space given to a statistical consideration of the probabilities of occurrence of their important
components.

lcee Ruttkay-Nedecky, I., Ciganek, L., Zikmund, V., & Kellerova, E. (Eds.), Mech~rsms of
orienting reaction in man. In Transactions of an international colloquium held in BratislavA
and Smolenice, under the auspices of the Slmok Academn of Science , 196•, 351-365.

(1) The rhythmic fluctuations of vigilance can be reCognized moie differentiatedly
by means of the described method used for the evaluation of the EEG. (2) Under the given
conditions it was possible to make frequent observations of fluctuations in alertness with a
periodicity of about 30 sec and of about 10 min. (3) The greatest variability of the EEG pattern
appears in the phase of falling asleep. This phase st arts long before the loss of consciousness
begins. (4) If during sleep body movements take place, this is preceded by a flattening of sleep.
The content of perceptions in these periods is, in general, too insignificant to reproduce, after the
final awakening, any memory trace of a fully conscious period.(S) There are statistically
significant relations between the EEG-Leittormen, the reac; on time and the heart rate during
wakefulness. (6) Verbal instructions can have the chara:eer of signals for the active setting of the
vigilance level. The changes can be traced for a long time after the orienting reaction has ceased.
(7) The degree of readiness for achievement finds its expression in the sequence of the varying
EEG patterns. Polygraphic recordings may provide certain indications iegarding changes in the
attitude and motivation of the subiaz:s.
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I5 Sakano, N., & Pickenhain, L. Influence of differentiated key-pressing on auditory cortical
evoked response in man. Physiology and Behavior, 1966, 1,351-357.

Changing the difficulty of a task requiring a decision whether to pref,5 a ke or not,
the latencies of the negative (N1 ) and positive (P2 ) peaks and 6he amplitudes of Il N1,
N1 - P2 and P1 - P2 of the auditory cortical evoked response were measured in 10 Ss. The
startle reflex, GSR, and the verbal report of the Ss were also evaluated. The latencies and
amplitudes of the peaks N1 and P2  changed independently according to the difficulty of the
task, displaying a different dependence on the type of attention of the Ss to the acoustic
stimulus.

1036 Sakano, N., & Pickenhain, L. Influence of attention and/or an active motor reaction of the
subject on latency and amplitude of the auditory cortical evoked response (ACER) in man.
Psycholoiia: An International lournal of Psvcholor in the Orient, 1966,J, 131-133.

Changiiig .he difficulty of a task requiring a decision whether to press a key or not,
the latencies and amplitude of the 1st negative peak at vertex (N1 ) and the 2nd positive peak
(P ) of the ACER and the startle reflex were measured. The latencies and amplitudes of NJ

an" P2 changed independently, i.e., N is correlated with the attentive process (selective or
diffuse), whereas P2 is correlated with the participation of the motor system which by
instruction is connected with the click.

1067 Salvendy, G., & Stewart, G. The prediction of operator performance on the basis of
performance tests arid biological meisures. Proceedings of the 19th Annual Meetin- of the
Huiman Factors Society, 1975, 457-466.

1. The hypothesis is ,upported that by combining scores of test performance and
biological measures significant increases in the concurrent validity of personnel selection tests
would emerge.

2. The most powerful predictors of job performance are the absolute values of the
standard deviation of basal interbeat intervals. It has a -0.45 concurrent validity.

3. The concurrent validities of the performance measures were 0.47, 0.61 and
0.66 multiple correlations f.ir 4, 10 and 16 predictors with the criteria of production
performance. None of these multiple correlations are statistically significant at the 5 percent
level.

4. The concurrent validities of the biological measures were 0.65 (P < 0.01), 0.72 (P
< 0.05) and 0.74 (not significant) multiple correlations with the criteria of production

performance.

5. The combined biological measures with test performance scores predicted
significantly more effect;vely the production performance than using only test performance
measures. The concurrent validities were 0.72, 0.91 and 0.99 multiple correlations for 8, 16 and
30 variables.
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6. Caution must be exercised in interpreting the true magnitude of the multiple
correlations because ol' the relatively large number of variables entering into the equation for a
relatively small number of subjects pirticipating in this study. ilence, shrinkage statistics should
be utilized for the true interpretation of the magnitude of the multiple correlations.

7. The individual pr~duction performance of 35 female bench operators could be
predicted within ±2% from their combined test performance and biological scores.

103• Sanders, R. M., & Wood, D. M. Anticipatory heart-rate changes: Environmental vs
self-produced mediation of the time between a warning stimulus and the required response.
Psychological Repor.,, 1969,Z, 671-674.

Nine Ss participated in an experiment comparing anticipatory heart-rate changes to
two different kinds of reaction times. Ss were paid for ,ushing a button within 500 msec of a
signal ýiimple reaction time) and were paid for pushing a button within ± 250 mwec of 5 sec after
a signal (internally mediated reaction time). For all Ss and under both conditions, the heart-rate
was observed to decelerate during at least the 2 sec prior to the response being made. However,
return to an accelerating phase was delayed by approximately 2 sec for the internally mediated
reaction time condition.

1030 Sandier, I.. S, & Schwartz, M. Evoked responses and perception: Stimulus content versus
stimulus structure. Psvchoohysiolox/, 1971 ,, 727-739.

These experiments tested whether waveform changes in evoked responses to visual
stimuli could be produced by changes in stimulus content independent of changas in stimulus
structure. Ambiguous figures were employed to manipulate content without changing structure.
To manipulate structure without changing content, stimuli were presented in original and rnirror
image versions or versions varying in size. The results indicated that evoked responses can be
modified by content differences independent of any structural changes, but it was suggested that
content related changes might reflect the operation of more general psychological processes such
as attention and emotion.
1040 Sanford, A. J. A periodic basis for perception and action, in W. P. Colquhoun (Ed.),

Biological rhyth and human erformance. London and New York: Azaaemic Press,
1971

The evidence reviewed demonstrates that in some circumstances a relationship
between observable alpha activity and performance is a re.;,ity. The strongest relationship appears
to be that between alpha period and reaction time. Work related to alpha phase is less
satisfactory, not because of a total failure to demonstrate a relationship, but because the effects
obtained are so small and are subject to day by day variation and because certain simple
predictions have not been borne out in practice. Attempts to account for reaction time-phase
relationships are not, as they stand, explicable in terms of a "perceptual momenl" theory such as
that of Stroud. The correlations of alpha frequency with reaction time have been used to
postulate something analogous to a computer "cycle time" in the human brain, but there has
been no real proof of this; it remains an intriguing possibility.
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1041 Santamaria, A. Background music on a mental task, influence of playin time on

performance and heart iability. Unpublished masters thesis, Kansas State University,
1970.

An alphabetical filing task was performed while stimulating music was played 10%,
25% and 50% of the time. Six male subjects worked in the three conditions for 150 minutes and
five criteria wer., rocorded: time per card filed, errors, heart rate, heart variability and galvanic
skin response. Although some of the differences were not statistically significant, results tend to
show that 25% was the best condition. A lower percentage of music seemed to increase the heart
variability and hcart rate but at the same time tended to decrease the time per card. A higher
percentage of music tended to decrease physiclogical stress (heart variability and GSR) but at the
same time tended to decrease efficiency.

1042 Satterfield, J. H. Evoked cortical response enhancement and attention in man. A study of
responses to auditory and shock stimuli. Electroencephalography and Clinical
Neurophysiology, 1965, 19,470-475.

, 1. In 47 consecutive normal subjects the average evoked cortical response to both
* click and shock stimuli was measured when the subject wi,. t:tending to one while ignoring the

other stimulus.

2. The amplitude of the evoked response to both click and shock was enhanced
when the subject attended to the stimulus, whereas the response to which he was not attending
tended to be suppressed. These changes were statistically significant at the P < 0.001 level.

3. In five subjects the peripheral nerve response and the cortical response to shock
v ere simultaneously recorded. In no case could the enhancement of the average cortical response
with attention be accounted for by similar augmentation of the average peripheral nerve
response.

1043 Satterfield, J. H., & Cheatum, D. Evoked "cortical potential correlates of attention in
human subjects. Electroencephalography and Clinical Neurophysiology, 1964, 17,
456-457. (Abstract)

When attending to the stimulus to the right wrist, the response to that stimulus was
reduced in amplitude while the response to the left wrist stimulus remained unchanged. Similar
results were obtained when the subject attended to the stimulus to the left wrist; i.e., the
response to *he stimulus zo which the subject was attending (left wrist stimulus) was reduced
while the ret-sonse to which the subject was not attending (right wrist stimulus) was unchanged.
These findings were statistically significant at the 0.05 to 0.01 level in five subjects.
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1044 Saxon, S. A., & Dahle, A. J. Auditory threshold variations during periods of induced high
and low heart rates. Psychophysiology, 1971, , 23-29.

T,)e study was designed to test Lacey's and Callaway's co~itention that individuals
respond differently to sensory sensitivity tasks under conditions of high and low heart rates. A
Bekesy audiometry threshold tracing was obtained frorr subjects after a period of inactivity and
after a period of activity. The results indicated that the subjects' auditory thresholds for the 1000
Hz tone were significantly less acute under the condition of induced higher heart rates. Although
the data collected is correlational in nature the possibility that the higher rate results in reduced
sensory sensitivity from a causal point of view is suggested. Although Lacey's and Cal'away's
formulations are not synonymous with the traditional theories of activation, it is highly probable
that their formulations may be merely delineating the mechanisms by which extreme arousal
results in impaired performance.

1045 Sayers, B. McA. The analysis of cardiac interbeat Interval sequences and the effects ot
mental work load. Royal Society of Medicine, 1971, 64,707-710.

It is now clear that there are three major factors contributing to the interval signal: 4

quasi-oscillatory fluctuations, which I believe originate in the body temperature-regulating system; "
vasomotor oscillations probably originating in the blood-pressure regulating mechanism;and
respiratory effects. These three factors are arranged in ascending order of the rate of
fluctuations which they generate, I but only the two faster fluctuations are relevant here.
Vasomotor oscillations with a major periodicity of about 10 seconds in man (about 14 intervals
or so at 80 beats/min average) are commonly seen in dynamic blood pressure records as well as in
heart rate, but the system is also quasi-oscillatory in that certain postural changes, certain
respiratory manoeuvres and sometimes -of special interest here - work loads, can modify or abort
the oscillations. (It appears that the influence of work load on the fluctuations is most important
in the heart rate signal but not in blood pressure; hence we consider only the cardiac interbeat
intervals here.) Respiratory effects are also easily discerned because a respiratory rate of 15 per
minute means an average respiratory period lasting about 4 seconds (or say 5 intervals) and so a
broadly periodic fluctuation at this rate is probably due to respiration; objective procedures are
available for confirming this presumption.

These effects can be separated and clarified by considering the set of interval
patterns that result when the interbeat interval record is band filtered - only those fluctuations
are retained which fall into a predetermined range of rates.

1046 Sayers, B. McA. Analysis of heart rate variability. Ergonomics, 1973, 16, 17-32.

Spontaneous variability of heart-rate has been related to three major physiological
originating factors: quasi-oscillatory fluctuations thought to arise in blood-pressure control,
variable frequency oscillations due to thermal regulation, and respiration; frequency selective
analysis of cardiac interbeat interval sequences allows the separate contributions to be isolated.
Using this method, a laboratory and field study of the effects of mental work load on the cardiac
interval sequence has been carried out. Results suggest .that mean heart rate and variance are
unreliable measures, but that consistent changes in interval spectrum occur; these have been
traced to alterations mainly in the 0.1 Hz region, perhaps originating with changes in the patterns
of respiration which interact with the 0.1 Hz vasomotor activity.
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1047 Sayers, B. McA. Physiologicai consequences of informational load and overload. In P. H.
Venables & M. J. Christie (Eds.), BgAjI ID syh9ho sIhvs•o , London: Wiley, 1975.

All physiolcigical signals are subject to spontaneous variation for two reasons; the
operation of statistical ampling effects, and the influence of altering bioiogical processes that
affect the signal. Against the background of spontaneous variability of the cardiac interval
signal and its contributing components, the main effects that commonly occur when a subject
undertakes a difficult information-handling task are as follows. First. the signal power (variance)often decreases, but not Invariably. (improved sensItivity In this mezsure can be obtained by
excluding very slow fluctuations having periods above 25 sec.) Certainly however, there is a
redistribution of signal power amongst available spectral components; this Is reflected in changes
of the cardiac Interval auto-correlation sequence, but this particular measure is incorvenient to
compute and Interpret and !s also subject to unattr.4ctive statistical sampling variations. Close
scrutiny of the amplitude spectra instead, and of spectral variations, Indicates several reasons for
the changes that occur: respiratory rate, depth or pattern variations, alterations in the recurrence
periods of the bursts of roughly 0.1-Hz oscillations that are b0lieved to originate in the
blood-pressure vasomotor system and reductions in the interactions between vasomotor
fluctuations believed to be of thermo-regulatory origin and fluctuations of respiratory origin.
Whert the task Is too difficult to be carried out without a significant Increase in error rate, it is
also observed that pressure-vasomotor oscillations cease altogether, and the Interactions that
Ind.,ate an (incidental) Influence due to thermo-regulatory fluctuations on the way respiration
appedrs to affect cardiac intervals can no longer be identified. No effects on the components
believed to originate in the thermo-regulatory process have been seen in any subject and there
may be advantages, for this reason, in eliminating this component altogether from the signal.

104 Scha~ke, G., & Woitowitz, R. Zur Er'assung Psycho-Vegetativer Belastungen am
Arbeitsplatz mit Hilfe der Radiotelemetrie. [ Radiotelemetric measurement of
psychovegetative stress at work.] Arbeitsmedizin.Sozialmedizin-Arbeitshyvtiene, 1971, .•,
259-262.

Bibliographical review of the present state of knowledge of the significance of heart
rate as an indicator of vegetative tonus and, indirectly, of psychic stress. The authors present
some fundamental results of their own investigations relating to typical cases; an executive; a
piece-worker; a gynecologist during operations and simple consultations. They consider the
further development of methods used and discuss the Index of frequency Increase, which is
mathematically defined and lends itself to statistical treatment, and which cap be calculated bymeans of a small analogue computer from the heart rate profile obtained telemetrically.

393
!"t



1040 Schaefer, K. E. Research on the diurnal periodicit of ph sological functions and of

_or the Rb" S•f, ony'ro• __3j tine indicators (R-247.Croton, Conn.: Naval Submarine
Medical Center, Oct. 1964. (NTIS No. AD-703 102)

This preliminary evaluation of the result does not take into account iii the data
obtained, A major part of these data is presently being processed for computer analysis of power
spectra. It is therefore not possible to discuss, at the present time, the effects of isolation in A
constant evvironment on details of circadian cycles and cycles of higher frdquency. However, the
trends are quite clear. Our results are in general agreement with those of Aschoff who first
established in mar .ynchronous free-running of circadian cycles of body temperature and urinary
excretion under conditions of a constant environment. We established a synchronous free running
of four additional cycles, respiratory rate, pulse rate, lung functions and zaliva electrolytes. It was
also found that the return to a normal synchronization of body cycles with environmental time
givers produced a significant stress, leading to dissociation of previously synchronized body
functions. The recovery period of 3 %6 days was, unfortunately, too short to evaluate the full
significance of these findiigs. Marked individual differences were observed in the amplitude of
cycles. Only the subject with a larger ampiitude of cycles showed a decrease of the amplitude
during Nolation. The psychomotor performance data show a more clearly expressed periodicity
in the subject who -exhibits more protiounced physiological cycles with larger amplitudes. The
performance levels as such did not decrease during tiie eight-day isolation period in which the
circadian cycles shifted 13 hours away from local clock time.

108o Schafer, E. W. P. Brain responses to television reflect program interest. P. :chohbysi-loQlv,
1977, 14, 115. (Abstract)

One can record re!iable, event-related brain potentials from people while they watch
television by computer-averaging electrocortical responses evoked by flickers electronically
inserted in the TV picture.

The results of three separate experiments on a total of 30 young adult viewers
studying the effects of program Interest on TV-evoked potentials (TVEPs) all revealed
significantly smaller amplitude late components for vertex TVEPs when peopie watched
interesting in contrast to dull programs, e.g., "M*A*S*H" versus "Meet tha Press," Control
experiments measuring eye movements indicate that peripheral factors could not account for the
reduced TVEP amplitude during interesting programs.

The late components of event-related potentials from the vertex appear to reflect the
workings of an active attentlonal process within the brain. Studies demanding selective attention
to the evoking stimulus report late components of increased amplitude. Conversely, present findings
suggest that increased interest focused on a TV presentation creates reduced attention to the
evoking probe stimuli with consequent amplitude reduction for late TVEP components. Present
findings also parallel the results of animal and human experiments showing reduced evoked
potential amplitude accompanying distraction.

The television-evoked potential technique provides a method for studying the
human brain's attentional and :ojknitive mechanisms at work under more real-life conditions than

3reviously. The technique could a!so prove useful fow rating, wit'.iout conscious bias, the interest
value of any material shown on television.
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1051 Schechter, G., & Buchsbaum, M. The effects of attention, stimulus intensity, and
individual differencts on the average evoked response. Psvchophysiolow, 1973, 10,
392400.

The effects of shifting attention toward or away from visual or auditory stimuli of
varying Intensities were studied using average evoked responses (AERs) in 24 normal human
volunteers. Ss were asked to attend to visual or auditory stimuli of four intensities (randomly
presunted) or to ignore the lights and tones and do mental arithmetic. F')r visual stimuli,
attentlonal effects were largest at low Intensities whereas for auditory stimuli equal effects were
shown across intensities. Similar individual rates of increase of AER amplitude with increasing
intensity were observed for both visual and auditory stimuli when attentional conditions were
controlled. These results suggest that some general intensity processing response is reflected in
the AER and that it is Important to control attention in AER experiments.

1062 Schell, A. M., & Catania, J. The relationship between cardiac activity and sensory acuity.
Psychophysiology, 1975,13 147.151.

s The relationship between cardiac activity and sensory acuity suggested by Lacey and
Lacey was tested by recording heart rates of Ss attempting to detect a threshold-level visual
stimulus. Heart rate decelerations during a warning tone preceding the threshold stimulus were
found to be greater on hit trials than onmiss trials, tipporting the suggested relationship.
1063 Schell, A. M., & Grings, W. W. Judgments of UCS intensity and diminution uf the

unconditoned GSR. Psychoghysiolo , 1971, 427-432.

Perceptions of UCS intensity associated with UCR dimunition in a classical
conditioning situation were investigated using a procedure in which S matchod the loudness of a
tone of variable intensity to that of a white noise UCS. Changes in the subjective loudness of the
UCS paralleling the changes in UCR magnitude observed with CS-UCS pairings were found.

1064 Schiflett, S. G. An ele.trocortical model of bimodal vigilance performance (Doctoral
dissertation, Texas Tech University, 1975). Dissertation Abstracts International, 1975, 36
3099B. (University Microfilms No. 75-26, 85)1

The results indicated a significant decrease across time for all performance and
physiological dependent variables. The slower stimulus rate groups had a significantly higher
percentage of correct detections, more false alarms, and slower reaction times than the faster
stimulus rate groups. The signal detection measure of d' (sensit;vity) remained unchanged across
time while b (cautiousness) increased for both event rate groups.

* The physiological components of the model were significantly correlated with the
changes in performance. The model discriminated between event rate groups, detected signals,
and missed signals. Signal ratts had a minimal effect upon physiological and performance
measures.

The results were discussed in terms of selective attention, expectancy, arousal, and
decision making theories of vigilance. It was concluded that the model showed promise as a
useful research paradigm for further studies in sustained attention.
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lose Schmidtke, H. Reaktionen. des Menschen auf Beobachtungs und Wachsamkeitsaufgaben.
(Reactions of individuais in terms of observation and vigilance performance.
Verhandlunpen der Deutschen GeselIlschaft fur Arbe!tsschutz 1969, LQ, 132-140.

An attempt was made to characterize two types of modern occupations differing
with regard to the number of stimuli requiring reaction supplied per time unit. It was possible to
prove that in occupations with high stimulus density, great variation in time of the performance
must be expected, leading for some jobs to inadmissibly high error frequency. On the other hand
a type of position in highly mechanized and automatized manufacturing units was indicated which
with respect to the frequency of processing stimuli requiring reaction rather ! nds to make less
demands on persons. It was possible to show that the decrease in performance in this type of job
takes place because, to a great extent, the reticular activation level of the person and therefore also
his vigilance decreases 'or want of stimulation. Possibilities of preventing this lack of stimulationi are discussed.

1066 Schmidtke, H. Wachsamkeitsverhalten und Leistung bei der Uberwachung technischer
Systeme. [Vigilance and performance in monitoring technical systems.] In Man and Sh..'
II. Symposium presented at the 10th Annval meeting of the Naval Medical Institute, and
the 11 th Work Session of the Navy Health Officers, Keel, 1972.

Since cortical activity is accessible to quantitative analysis through EEG
measurement and since there are characteristic changes of the EEG curves in the course of the
sleep and wakefulness continuum, it should be possible through a detailed analysis of these
spontaneous EEG to foreca.t tV wakefulness behavior of a person. Taking as a starting point the
researches of Walter and Assuciai:s in connection with the NASA Gemini and Apollo Projects,
Brottle and Holoch of my institute, were able to demt>nstrate that such a forecast is possible. If
instead of the conventional methods of a.ialysis for non-periodic oscillations (amplitude,
frequency) derivative methods were used, such as performance density spectrum, coherence and
phase, it then becomes possible with relatively few parameters from the period 2.3 seconds
before a critical stimu'us, to predict with a very high probability whether this stimulus will be
reacted to or not.

1057 Schmidtke H. Zur quantitativen analyse der psychophysischen beanspruchuna bei der f
bedienunit komplexer dynamischer s stem.I Quantitative analysis of psychophysical stress
it, oleratint co.mplex namic systems. Paper presented at the 14th meeting of the
committee "Anthropotechnik" of the Deutsche Gesellschaft fur Luft-und Raumfahrt,
Munich, Novemrnber 1973. (Also abstracted in Scientific and Technical Aerospace Report-s
(Report Nor. DLR-Mitt 74-19).)

The relative value of physiological and psychological factors in determining
workload in complex situations is discussed with a view to establishing quantitative methods of
analysis.
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1066 Schmitt, 0. H. Biophysical models for studying work and fatigue. In E. Simonson & P. C.
Weiser (Eds.), Psychological astec and physiological correlates of work and fatigue.
Springfield, Ill.: C. C. Thomas, 1976.

Finally, we should realize that covariance of real control parameters with other
available but not directly involved variables gives a possible non-destructive access to
psychological status. In one humble attempt now begun in our laboratory, we have observed, by
our technique of voluntary cardio-respiratory synchronization, the day by day variation, in an
Individual, of the cardlo-respiratory coupling coefficient along a regression trajectory
characteristic of the individual. This could be a measure of internal system status variation readily
accessible by this method, but only reachable by proiound, possibly dangerous stressing by
traditional techniques. We would hope that a whole family of nondestructive covariant tests like
this will emerge by which we can examine the status of an individual and the margin of stability
within his several feed-forward and feedback loops, both at one hierarchical level,and within the
control of hierarchical leve! dominance and inttrnal linguistic choice.

1059 Schnore, M. M. Individual patterns of physiological activity as a function of task
differences and degrees of arousal. Journal of Experimental Psychology, 1959, 58,
"117-128.

The present results further support earlier work which found physiological measures
singularly useful in providing objective and reliable indicants of arousal. Fifty-six per cent of Ss
showed significant correlation among the physiological measures. There were four measures
(heart rate, blood pressure, respiration rate, and right forearm muscle tension) which consistently
differentiated between high and low arousal conditions. Present evidence suggests, therefore, that
these four measures may be maximally useful as indicants of arousal, at least within the range of
arousal levels studied. Although data from other experimental situations are required in order to
reach a firmer conclusion concerning the relative usefulness of these measures, it seems certain
that several indices are superior to only one or two in gauging level of arousal.

1060 Schroeder, S. R., & Holland, J. G. Operant contrcd of eye movements during human

vigilance. Science, 1968, 161, 242-293.

Eye movements were used as a criterion of observing responses in a vigilance task.
Time on watch and signal rates similarly affected both eye-movement rates and percentage of
detections. Observing rate may account for detection data, and may be a more stable measure of
vigilance than detection rate is, especially when very few signals occur.

16 Schwartz, M. Averaged evoked responses and the encoding of perception.
Psychophysiology, 1976, 13, 546-553.

This paper reviews the hypothesis that averaged evoked response (AER) recordings
encode the perception of stimulus content. AERs may be altered by changing subjects'
expectancies, attention, affect, etc. AERs may also be altered by differences in the physical
parameters of the eliciting stimuli. But if perception is viewed as the processing of the specific
informational content of the stimuli, there is no convincing evidence that AERs encode
perception. Thus, AERs appear to be a summary of the activity of stimulus feature detectors and
the results of decisions concerning the salience or importance of that information--- AERs
represint general operations not the specific content of the information being processed.
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1062 Schwartz, M. On testing specific hypotheses about subliminal perception: A reply to
Shevrin. Psychophysiology, 1976, 13, 27.31.

Schwartz and Rem (1975) reported that they could find no evidence that averaged
evoked responses discriminate between two stimuli presented for durations that were either
subliminal or supraliminal for liscriminating the stimuli behaviorally. Shevrin (1975, has
criticized this conclusion. This paper argues that Shevrin's criticisms are factually and
theoretically erroneous. In addition, a reanalysis of the data, following Shevrin's suggestions,
confirms the conclusions originally drawn - there is no evidence that averaged evoked responses
discriminate between either subliminal or supraliminal stimuli.

1063 Schwartz, M., & Rem, M. A. Does the averaged evoked response encode subliminal
perception? Psvcho~hvsiolohv, 1975, 12, 390-394.

In a series of studies, Shevrin and his colleagues have reported that the effects of
subliminal perception are encoded in the average evoked response. Our experiment was & more
stringent test in that we (1) collected both physiological and behavioral data in the same trials,
(2) attempted to minimize criterial differences in the employment of physiological and
behavioral responses, and (3) behaviorally verified conditions designed to be subliminal. Two
stimuli were presented tachistoscopically in a given trial, separated by 1 sec; over blocks of trials,
exposure duration for the stimuli was 3, 7, 15, and 30 msec. At 3 msec exposure, all subjects
detected the stimuli but could not discriminate between them; discrimination increased with
increasing exposure duration. But at no exposuie duration did average evoked response measures
discriminate between the stimuli - the only changes in evoked response measures were those due
to increasing stimulus energy. Thus, there was no evidence for either subliminal or supraliminal
discrimination of stimulus content by the AER.

1064 Scott, D. F., Hoffmann, H., & Bickford, R. Changes in summated visual potentials (lambda
waves) during mental tasks using the Stroop test. Perceptual and Motor Skills, 1967, 25,
993-996.

lit normal Ss, a parietal-occipital located response (lambda wave) is evoked by
scanning a printed block and word material (colored, and black and white) of the Stroop test.
When this response is summated with a computer triggered by the eye movement, a highly
reliable triphasic wave appears which can be subjected to accurate latency and amplitude
measurements. The shortest latency of this response was observed when blocks vs words were
presented, but there were no differences in latency in spite of increasing difficulty of material.
This indicates that the structure of the material rather than mental activity affected the latency.
Likewise, no changes were noted with colored vs black material. There was, however, a small
increase in amplitude of the lambda wave response in the most difficult (word interference)
task-a result that could be attributed equally to increase of muscle potentials and to the effect of
mental activity.
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1066 Scott, W. E., Jr. Activation theory and task design. Organizational Behavior and Human
Performance, 1966,1, 3-30.

Performance decrements and dissatisfactions at the work place have long been
observed but have not been adequately explained. Activation research and selected studies of
work behavior are reviewed to show that decrements in performance may be better understood in
the light of recent neuropsychological findings. This review indicates that actration theory and
the research upon which it is based anticipates behavior related to variations in task design and
suggests new avenues of investigation for those interested in the determinants of work behavior.

1066 Seales, D., & Lindsley, D. B. Modification of human visually evoked potentials by
complexity and cerebral latealizatioti of information processing. Electroencephalograplh
j• linical Neurophysiology 1975, a. 101. (Abstract)

Three tasks employed the sa.,ne letter-pair stimuli, e.g., HH or bD. Subjects
resnonded when they saw a stimulus (SIGHT task), or when they determined whether the two
letters were the "same" or "different" in either size or name (SIZE and NAME tasks,
respectively). EEG was recorded from vertex and symmetrical occipital and parietal sites (linked
earlobes referenice).

Reaction time increased from the SIGHT to the SIZE to the NAME task. The
P2-effect occurred with the increase in task complexity from the SIGHT to the SIZE tasks, but
did not increase further in the more complex NAME task. The P2-effect was maximal at occiput,
and did not lateralize. N2(500-75'0 msec) showed hemispheric asymmetry.

16 Shagass, C., & Schwartz, M. Evoked cortical potentials and sensation in man. Lournal of
Neuropsychiatry, 1961,2,262-270.

Results of initiai experiments with a new psychophysiological method are reported.
This method permits measurement of cortical potentials evoked by sensory stimulation And
recorded from scalp electrodes; such potehtials are not detectable in the usual
electroencephalogram (EEG). Potentials evoked by visual and electrocutareour "mulation are
described. They consist of a relatively constant initial response of brif laten•,y and duration,
followed by several waves which may continue for relatively long periods and are more variable.
The secondary waves seem to be influenced by psychological factors. The amplitudes of the
potentials are a function of stimulus intensity. The first sign of a primary response occurred at the
sensory threshold; subthreshold stimuli evoked no cortical response. This indicates that the
evoked potential may be an objective sign of sensory awareness in the unanesthetized animal.
Cortical excitability cycles were successfully measured by the method of paired stimuli. The
method offers interesting possibilities for studying the psychological correlates of directly
measurable states of cortical excitability.
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lO6 Shagass, C., Straumanis, J. I., Ir.,&Overton, D. A. ElectrGphysiological recordings In the
reaction time experiment: Exploratory studies for possible psychiatric research
application. Biololical Psy atry, 1972,_5, 271-287.

Visual evoked response amplitude was greater and latency tended to be shorter when
reaction time was faster. The intraindividual relationship measures were not stable on a retest and
did not appear to characterize the individual. This instability may have been a major factor
influencing the generally negative results obtained in correlating the measures with personality
and intelligence test scores in nonpatients and in failure to demonstrate patient-nonpatient
differences. A hitherto unsuspected intraindividual relationship between blink latency and
reaction time was demonstrated, probably reflecting involvement of the eyes in the motor
response pattern.

10.9 Shagass, C., & Trusty, D. M. Somatosensory and visual cerebral evoked response changes
during sleep. In 1. Wortis (Ed.): Recent advances in biological psychiatry (Vol. 8). New
York: Plenum Press, 1966.

To compare Lerebral evoked responses during various stages of sleep, averaged
somatosensory and/or visual responses were recorded during sleep in forty tests with twenty-nine
subjects. The electroencephalogram was classified as to stage of sleep and the first twelve peaks of
each evoked response were measured for latency and amplitude. Results were: (1) The late visual
after-rhythm disappeared with onset of sleep. (2) Latencies became systemAtically more
prolonged as sleep deepened. (3) Amplitudes of initial components increased with deep sleep. (4)
Amplitud.,s of components following the initial ones tended to decrease. (5) Responses during
the rapid-eye-mo.iemenk phase of sleep (,rem) were indistinguishable from those of stage I and•
significantly diffeivnt from waing re- ponses. (6) Latencies of later components continued to be

prolonged after waking from deep sleep, returning to presleep levels gradually. Evoked-response
characteristics may provide useful indicators of level of awareness.

1070 Sheatz, G. C., & Chapr-,an, R. M. Task relevance mnd auditory evoked responses.
Electroencephalogranhy and Clinical Neurophysiology, 1969, 26 468-475.

Studied the influence on auditory averaged evoked potentials (AEPs) of information
processing during problem solving in 9 Ss. S compared 2 relevant stimuli and determined which
was lower in pitch. AF.Ps tended to have 2 positive peaks with latencies of approximately 150
and 300 msec. The ampl~tudes of these peks (A. ks 1 aný 2) were measured and the iifluence of
task relevance, stimul.Li class, and presentation order m • h.t a trial was evaluated statistically. The
AFPs of the tones and noises were similar. The task relevAnce of the stimuli had a marked effect
on the AEPs, the magnitude depending greatly -n the order of the stimuli within a trial.
Differences were related to postperceptuvl processing. Results are discussed in relation to
inforniztion processing, attention, stimuius gating, uncertainty, and general state variables.
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1071 Shevrln, H. Does the ave7aged evoked response encode subliminal perception? Yes. A reply
to Schwartz And Rem. • ohvsioyio y, 1975, 12, 395-398.

An attempt by Schwartz ard Rem (1975) to replicate a series of studies by Shevrin
and coworkers purporting to show that the average evoked response enco.cs subliminal
perception is found to be limited as a replication in a number of ways. Dspite substantial
departures In methoi anid procedures Schwartz and Rem report a potentially confirmatory
finding: AER cross correlations between differen stimuli are significar, ly lower than for similar
stimuli In an expoc-ure level (3 msec) in which subjecus fail to make an above chance verbal
discrimination. In view of the Important theoretical issues involved concerning the nature of
sublim!nal perception and unconscious cognitive proce%.As this cross correlation finding should be
further investigated. Suggestions are made as to how this might be done.

1079 Shevrin, H., & Rennick, P. Cortical response to a tactile stimulus during attention, mental
arithmetic and fre associations. 2sychophysiology, 1967,3, 381-388.

Attention to a stimulus appears to be associated with amplitude fluctuations In
100-msec or later components of the cortical compound evoked potential (CEP). In this study,
changes in amplitude and latency of the CEP to the same tactile stimulus were investigated under
three conditions: attention, free associations, and mental arithmetic. In the attention condition
Ss were asked to estimate varying time intervals bet%' -en stimuli on a 2- to 6-sec scale, Ss were 12
pairs of twins. It was found that the amplitudes of two negative electrocortical potentials were
greater when Ss were estimating lengths of time intervals between stimuli than during free
association or mental arithmetic. Peak latency of the second negative potential was greater in
attention than in the other two conditions. Free association CEPs were distinguished by the
incidence of alpha bursts. The rtsults support the hypothesis that attention is associated with
certain parameters of the etectrocortical response and suggest which aspects of the electrocortical
response are most likely to be related to -ttention.

1073 Shipton, I., & Walter, W, Les relations entre les activites alpha, les modes de pensee et les
affinites sociales. [The relations between alpha activity, modes of thought and social
affinities.] Electroencephalography arid Clinical Neurophysioloy, 1957, Supplement 16,
185-202.

When the methods of analysis and display described in the previous paper are used
in the cc.arse of a psycho-physiological experiment, the personal features of a record are
emphasised and it is possible to follow the changes in distribution of the several alpha
components which ocur either spontaneously or during the performance of diverse tasks.

nformation collected in this way permits a classification of normal subjects based
.n the rcsponsiveness or persistence of the various alpha components. This classification seems to
correspond with psychological estimates of mental imagery and of versatility; it can be elaborated
by the inclusion of other physiniogical data such as records of breathing, speech, muscular
tension, heart rate, skin resistance and the like.

It has been noticed that a subject in one class tends to associate more readily with
someone in the same class than with someone in another class. In this way it is possible to
recognize "supplementary pairs" (that is, subjects whose alpha type and way of thinking are
similar and who tend to agree in their tactical habits of behaviour, even if they have different
stategic aims; such couples are mutually attractive but tend to make the same sort of mistakes)
and "complementary pairs" (that is subjects who differ in their E. E. G. and in their ways of
thinking and have different tactics even when in strategic agreement; such couples are not readily
attracted to one another but tend to limit or correct one another's mistakes). It is intended to
apply this method to the study of more complex situations and larger groups.
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1074 Shot, R. E., & Thackray, R. I. An apparatus to study continuous discrimination

performance as a function of level of cerebral vigilance. Isychophysiolouu, 1970, 6,
492-495.

Afn apparatus was developed to study human discrimination performance as a
function of the arousal continuum. The apparatus was designed to provide Ss with an
undemanding, repetitive, and monotonous discrimination task over long periods of time. A
functional description and circuit details are given.

1o,! Shucard, D. W., & Callaway, E., III Auditory evoked potential amplitude and variability:
Effects of task and intellectual ability. iowal 9.f .MRai9 j! s 1ica
Psycholo, 1974, A7,284-294.

The effect of stimulus uncertainty, attention, Interstimulus interval, and amount of
time in the experimental situation on the average auditory evoked potential was investigated in 2
groups of subjects separated according to differences in intellectual ability. The results indicated
that, in general, evoked potential amplitude was greater (a) for the first part of the experimental
test session compared with the later part, (b) for conditions requiring attention compared with
nonattending conditions, (c) for the stimulus following the long (rather than short) interstimulus
interval, and (d) for conditions of greatest stimulus uncertainty. Also, evoked potential variability
was found to increase as amplitude increased. Evoked potential differences between experimental
groups suggested divergence bh in strategies employed and in effects of experimental
conditions on these groups.

1076 Shucard, D. W., Shucard, j. L., & Thomas, D. G. The auditory evoked potential and the
assessment of cerebral lateralization of cognitive processing. Psychophysioloy, 1977, 14,
91. (Abstract)

In this investigation, the auditory evoked potential (AEP) was used to probe
hemispheric functioning whil, subjects were engaged in processing auditory information. This
study was unique in that it used pairs of irrelevant tone pips to generate AEPs during the course
of auditory information processing. This paradigm allowed for the study of the effects of
orientation on hemispheric laterality of function whilt. controlling for attentional factors and

Twelve strongly right-handed subjects between the ages of 21 and 28 participated in
three tasks: detection of clicks embedded in white noise, detection of key words occurring in
verbal passages, and detection of recurring themes occurring in musical selections. Task
performance was closely monitored and recorded for each condition. Left and right temporal
AEPs were recorded separately for tone 1 and tone 2 of the pairs of tone pips which were
superimposed on the auditory information presented for processing during each of the three
tasks. Only data from subjects who performed adequately on ill three tasks were included in the
final analysis.

Significant differences in left versus right hemisphere AEP amplitudes occurred as a
function of task, with the greatest amplitude occurring in the hemisphere thought to be involved
in the ongoing cognitive processing. Right-left AEP amplitude comparisons across tasks indicated
that during the verbai task the left hemisphere AEP was higher in amplitude than the right;
whereas, for the musical task, the right hemisphere AEP was higher than the left. These results
were most pronounced for the second of the two tone pips.

The findings indicate that the AEP used as described may provide a powerful
technique for the study of various facets of lateralization of cognitive processing in intact
Individuals.
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1077 Siddle, D. A. T. The orleatIng respc ise and distraction. Australia )urnal of Psychololy,
1971, 23, 261-265.

The effect on right ear sensiti it,, of a distracting stimulus presented to the left ear
was investigatea in 20 male Ss. Twc eight ear performance change scores were derived'-immediate
decrement, and rate of performance recovery with repeated oresentations of the distractor. The
results indicated that immediate performance decrement was positively related to initial orienting
response size to an auditory stimulus, while rate of performance recovery was found to relate to
the speed with which the oriernting response to an auditory stimulus habituated.

1078 Siddle, D. A. T. Vigilance decrement and speed of habituation of the GSR componernt of
the orienting response. British lournal of Psycholori, 1972, , 191-194.

The present study was designed to investigate the relationship between auditory
vigilance performance and speed of habituation of the GSR component of the orienting response
(OR) to auditory stimuli. Fast habituators (n 7) displayed a greater rate of vigilance decrement
than slow habituat(crs (n = 7), suggesting a more rapid onset of a phase of low arousal in these
subjects.

1079 Siddle, D. A. T., & Mangan, G. L. Arousability and individual differences in resistance to
distraction, journal of Experimentai Research In Personallty, 1971, 295-303.

Two experiments are reported which Investigated the role of arousability differences
in ability to concentrate attention during distraction. Experiment 1 differentiated Ss in terms of
the manner in which performance on 3 central visual task was affected by a distracting auditory
stimulus. The main predictors of distractability were the orienting response ,a,aameters of initial
amplitude and speed of habituation in the distracting modality, and neuroticisin. Experiment 2
was designed to test whether resistarnce to distractinn and arousal level are related in a curvilinear
fashion. This hypothesis was supported. These results also indicated that an.ount of Improvement
or disruption in performance of the central task, occurring during low and high intensit*y
distraction, was related to the size of the phasic arousal response evoked by distractor onset.

10o 0 Siegfried, J. B., Tepas, D. I., Sperling, H. G., & Hiss, R. H. Evoked brain potential
correlates of psychophysical responses: Heterochromatic flicker photometry. Scienc,
1965, 149, 321-323.

The relation between the amplitude of evoked brain potentials in man and the
relative luminance of two flicker components of different color was determined The function,
which is U-shaped, has a minimum which occurs near the point of equal luminance as judged by
the psychophysical method of flicker photometry.

4
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1081 Silverman, A. I., Cohen, S. I., & Shmavonian, B. M. Investigation of psychophysiologic
relationships with skin resistance measures. leurnal of Psychosomatic Res.arch, 1959, 4,
65-87.

Using a newly designed, highly stable and sensitive galvanic skin resistance meter it
was possible to record and discrimin.Ate fluctuations in skin resistance of about 20-53 ohms, at
the same time recording groser shift% in the basal skin resistance. Preliminary work with the
instrument and various drugs acting on the CNS suggested certain relationships with CNS arousal:

(1) The number of 'spontaneous' rapid GSR's increases in direct proportion as the
individual is alerted or aroused.

(2) The amplitude of the GSR response to zpecific external stimuli increases with
alerting but decreases when the individual is in a hyper-aroused state.

Thisseries was designed to explore the applicability of this finding to
psychophysiologic investigations.

In three separate experiments, subjects were exposed to the gross vascular stress of
the human centrifuge. While GSR was being recorded before, during and after the hypotensive
stress, they were asked to perform a continuous tracking task. Results agreed with the
hypothesis. When the GSR suggested moderated alerting, psychomotor performance improved;
when hyperalerting was indicated by the GSR, performance declined.

One series of experiments (still in progress) demonstrated that response to threshold
stimuli related directly to 'level of arousal' as measured by number of non-specifics. Amplitude of
responses to these stimuli was also directly related to number of nonspecifics.

1062 Simon, C. W., & Emmons, W. H. EEG, consciousness, and sleep. S , 1956, 124,
1066-1069.

One important practical application of the information in this paper is ir, the study
of factors affecting sleep and rest. In addition to the r.'ore classical measure of time jor length of
sleep), electroencephalographic patterns can provide a means of continuously measuring depth
of sleep without disturbing the subject. Using a two-dimensional measure - length and depth - is a
more sophisticated approach to certain problemsi of sleep and rest and can be expected to yield
more satisfactory conclusions. Such problems have important implications for both military and
ckiilian use.
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1063 S imonova, 0., & L egewie, H. EEG changes under different conditions.
Electruencephalolraphy and Clinical Neurophysiology, 1969, 27, 627. (Abstract)

In the previous projects EEG changes under different conditions, but with open
eyes, were examined. In contrast, the present examination compares the effects of comparable
tasks on the alpha rhythm with the eyes open and closed. Eight healthy subjects had EEG

tracings recorded by telemetry under conditions of rest and 5 different states of activity.
Automatic analysis of the left temporo-occipital EEG activity showed the following findings: (1)
with the eyes open, in contrast to closed eyes, signs of increased desynchronization were found,
without exception; (2) the changes during mental activity showed a greater than chance tendency
to reach a mid level between extreme synchronization and extreme desynchronization. With the
eyes closea this mid level was ar:ived at by an increase in desynchronization; with open eyes by
synchronization; (3) the increase in synchronization with open eyes would appear to be mainly
independent of whether visual components were immediately involved.

1084 Simons, R. F., & Lang, P. J. Psychophysical judgment: Electro-cortical and heart rate
correlates of accuracy and uncertainty. B ipog&cal Psychology, 1976 4 51-64.

The relatioship between perceptual accuracy and physiological response amplitude
was investigated in an auditory pitch discr-mination experiment. Confidence ratings were
obtained from all subjects following each trial. 'rhe stimulus set consisted of three tones of
different frequencies spaced in a manner to provide both easy and difficult discriminations. Heart
rate, EEG and verLikal eye movement were recorded throughout the experiment. The results of
the experiment indicated that the largest evoked cardiac rate response was elicited by the stimulus
which produced the fewest errors in judgment; larger auditory evoked potentials, particularly the
late positive component (P 300 ), were associated with the 'easy' stimulus; greater cortical
negativity was associated with the difficult stimuli, eye activity was found to covary with
judgmental accuracy: cortical slow wave activity was particularly sensitive to the contidence, or
uncertainty' parameter. A 'decision tree' model was hypothesized .o decribe the processing

mechanism involved in solving the discrimination problem.

1085 Simpson, H. M., & Hale, S. M. Pupillary changes during a decision-making task. Perceptual
and Motor Skill, 1969, 29 495-498.

The effects on pupil size of a simple decision-making task were examined. Ss wel-e
assigned to either an experimental groUp (n = 7) or a yoked control group (n = 7). Ss in the
experimental group were given a 2-choice decision task and on each trial S waE presented 2
alternative directions in which a lever could be moved. S had to decide the direction to move the
lever and, subsequently, make the response. Ss in the control group received essentially the same
task conditions except no decision was required, since S was told which direction to move the
lever. Results showed significantly greater pupillary dilation during the decision period in the
experimental group than in the control group and these findings were discussed in terms of
cognitive load.

405

!' i



i(c0 Singleton, W. T., Fox, I. G., & Whitfield, D. (Eds.). Measurement of man at work: An
ap1ralsI of physiologicl and psychologjcal criteria in'man-machine s1ystems. London:
Taylor & Francis, 1971.

After extensive discussion it emerged that, following a general introduction, tOere
should be three main sections caiied respectively, Man, Techniques and Applications. The
'Application' section was easiest to, understand and define, its purpose being to consider
methodologies and strategies which are in use in relation to real problems and to illustrate these
by recent case-studies. The distinction between 'Man' and 'Techniques' is not an easy one, but it
is important and is worthy of detailed explanation. The expertise of every technologist is
twofold: there is some topic about which he claims to have extensive knowledgr and there is a
repertoire of specialist techniques relevant to this topic in which he is a skillec practitioner. In
the case of ergonomics the topic is normal, healthy man functioning in relation to some rational
purpcse in a particular environment; the techniques are those concerned with the measurement
of man or of man-machine performance. In a modern technological society at any time man
usually has some relationship with a machine, e.g. an air conditioning unit, a vehicle, a
machine-tool. Clearly man has many descriptors and there must be a wide range of relevant
techniques. The descriptors can each be approached by a variety of techniques but also a
technique may provide evidence relevant to a variety of descriptors. For example, 'arousal' is a
descriptor, two relevant techniques are pcstural measurement and heart rate measurement.
Postural measurement is a technique relevant to arousal and also to physical size. Heart rate
measurement is a technique relevant to arousal and also to energy expenditure. In this sense
'Man' and 'Techniques' are two separate dimensions. The ergonomist is professionally interested
in descriptors of man which are actually or potentially useful in relation to man-machine
interaction. This was the topic of discussion in the 'Man' section, in particular current trends in
measurement and assessment. The ergonomist is equally interested in data acquisition procedures
about man at work-- this was the topic of discussion in the 'Techniques' section, in particular,
recently developed techniques, their advantages and limitations. This sectional ,d ivision seemed to
provide a useful structure to the Symposium and it has been retained in tl~i, tv'k.

1087 Sjoberg, H. Relations between heart rate, reaction speed, ariql :')jt rt at different
work loads on a bicycle ergometer. Journal of Human etires "-

The hypothesis concerning an inverted-U ,*,p b;•, ,.rn a.•ivation and
performance was examined by comparing the performanrc1 25 subject &Wa .hoice-reaction
task at five different work loads on a bicycle ergometer. ,Leart rate w•, is an index of
activation. The results were in full agreement with the hypothesis, e -. :e being more
efficient at a medium activation level than at high and low leviels.
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lose Skinner, P., & Antinoro, F. hef gf signal parameters on AER. Paper presented at
the meeting of the IX International (World) Congress of Oto-Rhino-Laryngology, Mexico
City, August 1969.

Three experiments were conducted using summing computer technique to study the
effects of signal duration, rise time, and frequency on evoked auditory responses of adult subjects.
The first experiment concerned the effects of signal duration. An additional objective of this
experiment was to determine whether signal durations up to 150 msrc would 'reflect temporal
summation through amplitude and latency changes in the wave form of evoked potentials.

In this experiment 1000 Hz tones were presented at near threshold levels to
maximize the probabiltiy of observing possible effects of temporal summation. No consistent
trend was observed in the evoked responses with increments in signal duration. In the second
experiment different rise times with 1000 Hz stimuli were presented at four sensation levels. A
definite trend of increased peak amplitude in the potentials occurred as signal rise time was
decreased. The third experiment was conducted to study the effects of signal frequencies from
250 to 8000 Hz on the evoked cortical potentials. The frequencies were studied at two intensities
by sensation level and by equal loudness balance. A consistent decrease in the peak-to-peak
amplitude was observed under both conditions as the frequency was increased.

* 1089 Smith, A. A., Malmo, R. B., & Shagass, C. An electromyographic study of listening and
talking..ana a lournil of Psychology, 1954, , 219-227.

Twenty-two psychiatric patients and 11 normal controls listened to a faulty sound

recording. They were later asked to tell what they remembered of the record, and to report on
their feelings while listening. EMGs from five muscle groups were recorded continuously
throughout the experiment. Results were:

1. During listening, rising and falling gradients of tension were observed in speech

muscles, and in extensor muscles of both arms.

2. All muscles recorded from showed significant increases in tension with talking.

3. Differences between patients and controls were seen only in speech muscles, and
then chiefly during questioning about feelings.

The EMG gradients obtained in the present study were considered in relation to
other such gradients observed in various kinds of performance on mental and motor tasks. The
hypothesis was suggested that EMG gradients of this kind are related to phenomena of attention.
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1090 Smith, D. B. D. Some interrelations between the contingent negative variation and the
evoked potential. PsychoRhiology, 1976, 1U, 399-404.

" imertieThe purpose of this study wis to compare the evoked potential (EP) to the
imperative stimulus" (52 ) in the contingen't AelatikX variation (CNV) paradigm with the EP to

a comparable stimulus not asso;:tated with a CNV. Tvcw,'"ve s4i4ezts performed a task that required
reporting an occasional chanFstL in frequency of a tone. In oine condition each change was paired
with a warning flash, thus generating a (CNV. In another condition tone changes were only
occasionally preceded by a flash and no itNV was observed. Three differences were noted in the
vertex EP associated with a CNV: 1) all components after approximately 60 msec were shifted in
a more noslive direction, 2) negative components N1 and N2 were shorter in latency, and 3)

S',i negative compoierI;:s N ,, N2, and N3 were attenuated in amplitude. Possible interpretations of
these eu. ul[! are dir,-ussed, Conclus'ons are drawn concerning the methodological and theoretical

"~ea ",-1ack~c- b~e t C NV and EP.
ISIOI D.. S.0

, ,mii, D. B. ODoni.mn, E., Cohevi, L., & Starr, A. Auditory averaged evoked potentials
in man during selective binaural listening. Elcctroencephaloiraphy and Clinical

.Neurophysiology, 1970, 28, 146-152.

Average evoked potentials (AEPs) to clicks were obtained while a subject performed
a selective listening task: the stimuli consisted of a scries of numbers, letters and clicks, with
sc!parate series presented to each ear. Subjects were instructed to attend to one or the other ear

Pin at different times to report the letters or clicks. The results show enhancement of a late
d- •sitive component of the click AEP when clicks, but not when letters were reported. No
differences in the AEP were ftiun;i for those clicks presented in the attended ear as compared to
those in the rejected (non-attenc in-- ear.

"1O920 mithline, H. Effect of sigr,.,:' u,-e.and induced muscle tension on physiological responses
and vigilance performancv (Doctoral dissertation, New York University, School of
Engineering and Science, 1970)" Dissertation Abstracts Internatvonal, 1971, 22,312B.313B.
(University Microfilms No. 71-,, 537)

Three experiments were pertormed to study the effect of intersignal interval (ISI),
and 1Induced muscle tension (IMT) on piysiological measures and vigilance performance. The
physiological measures examine'I w.re ralmar skin conductance (PSC), heirt rate (HR), and
mi0cle action potential (MAP)., Vigil4occ. performance was measured in terms of reaction time
(RT) to.random visual signals g'fesented in 20 minute experimental sessions. Each subject was
studitd i.0 three separate sessioiF permitting the effect of session number also to be evaluated.

'The primary p=rpose of the first experiment was to determine the effects of
different ISIs oi, tl,:e relhukenship between RT and PSC. At ISIs of one to two rminutes, it was
found that shorti,, ISit z'c-,:ompanied higher PSC levels and there were weak indications that
shorter ISI yielded f,,',er Rrs. It was also observed that PSC levels declined in successive sessions
as did RT levels.

TI, i.id e.,periment in .. ted the effect of manipulating activation level by
inducing differc.nt I ,ý ets of muscle tension while repeating Experiment 1 with a single ISI. Results
indic.•te, thai H gler ;evels of IMT indiced higher PSC levels and faster Rl's. In successive
sesslcs .-.O1,1 ,ntd as in the first experiment, b the RT decrement was strongly mitigated by
the 6,••T"+.J ,k.
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For the third experiment the differences between three physiological measures were

examined at a particular level of" ISI and IMT. The three physiological mtasures were PSC, MAP,
and HR. Some evidence was found to indicate that the autonomic and somatic systems are in

step when compared at intervals separated more than a day, as well as in their phasic responses.

However, action of the two systems werm sometimes positively and sometimes negatively

correlated over the duration of the 20 minute experimental sessions These observations were

taken to indicate the presence of a "periodic" arousal system which Is slower acting than the

tonic.

1003 Snider, I. J., & Bregman, A. S. The effect of GSR confirmed perception of bisensory input

on immediate verbal memory. psvchoph siology, 1970,"L, 169-177.

Following adaptation, Ss learned visually presented paired associate (PA) wrd lists,

while "distracting" verbal material was read aloud to them. Skin resistance was recorded. Ss who

received auditory "interference" containing wor'- present in the PA task made fewer errors than

controls. An objective scoring method showed that GSR peaks following the or .t of relevant

words in the "interference" were more frequent than those following control w, s, confirming

Ss' verbal reports of perception of and attention to relevan" stimuli. The improvea learning could

not be accounted for by changes in the tonic level of skin resistance, but seemed to be a direct

result of the bimodal input.

1004 Snook, S. H., & Doiliver, J. j. Driver fatigue: A study of two types Qf countermeasures.

roedin f of the 6th goess of the Intnater iona.•is Association, 1976,

304-311.This study investigated the effectiveness of auditory stimulation and performance

feedback as fatigue countermeasures. Two types of auditory stimulation were used, J1) specialty

programmed music and (2) recordings of current news events. Two types of performance

feedback came from (1) lateral position tracking and (2)1 seed tracking. It was hypothesized that

each of the four countermeasureswould significantly improve driver performance by reducing

driver fatigue. Ten subjects were required to complete a series of three hour test sessions driving

an automobile simulator. Each subject completed six control sessions without any of the

countermeasures. followed by six experimental sessions utilizing one of the four

coutnermeasures. Some subjects continued on with additional groups of six experimental A

sessions, each group with a different countermeasure. Dependent variables included lateral 4J

position error, speed variation, steering reversals, heart rate, and subjective fatigue. The results

show that lateral positiovi feedback was the only countermeasure that resulted in a consistent and

significant improvement in driver performance. The results also suggest that early indications of

speed variation and steering reversals are possible predictors of one's susceptibility to fatigue and

poor performance during long distance driving, although further research is necessary.
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logs Solley, C. M., & Thetford, P. E. Skin potential responses and the span of attention.
Ps•choohysiolotv, 1967,J, 397-402.

Experiment I tested whether an alerting signal would increase the span of visual
attention. Female Ss (16) were presented an array of letters exposed for 2 sec by a tachistoscope.
Half )f the Ss had a series of trials with a loud tone contiguous with the tachistoscope, followed
by a series of trials with tachistoscope only. The remaining Ss received a reverse procedure--half
the trials with no tone initially, followed by tone. The group receiving only tachistoscope
followed by a series of tachistoscope plus tone trials showed a significant improvement in the
number of letters correctly reported. Experiment II repeated the above with skin potential (SP)
recording throughout the session to test that the tone would generate a momentary state of
arousal (an orienting response) and an increase in the span of attention. Tone significantly
produced larger positive SP amplitudes and more diphasic SP responses, and increased the
number of letters correctly reported. All differences d&appeared during the second trial series.

1096 Soskis, D. A., & Shagass, C. Evoked potential tests of augmenting-reducing.
Psvchophvsiologv, 1974, ., 175-190.

Two evoked potential tests of augmenting-reducing, using flash and sine wave
modulated light stimuli, were administered to 23 normal Ss to determine: a) generalizability
between tests; b) short-term reliability; c) influence of electrooculographic (EOG) activity; d)
relationships between perceptual discrimination of stimuli and evoked response measurements; e)
correlation between evoked responses, extraversion and neuroticism (Eysenck Personality
Inventory). Four months later 11 Ss were retested before and after pilocarpine fixation of the
pupil in miosis, to assess long-term reliability and pupillary factors, Although mean amplitudes of
sine and flash responses were significantly positively correlated, correlations between linear slope
measures of their intensity-response functions were low. Both short- and long-term reliability
were high for mean amplitudes, but relatively low for most slope measures. Ocular factors, as
reflected in EOG and changes with pupillary miosis, appeared to exert relatively little influence
on the evoked potential measures of augmenting-reduci[rg. uubjective perceptual discrimination
performance was not correlated with evoked potential mPaa!ures. Extraversion was correlated
with some evoked resonse augmenting indicators; neuroticism yielded inconsistent results.
Generally, results varied with lead placement.

1097 Soutendam, J. Instruments and methodology for the assessment of physiological cost of
performance in stressful continuous operations-the air traffic serviceb tower environment.
In K. E. Klein (Ed.), Methods to assess workload. AGARD Conference PreorInt, No. 216,
1977. (Available from: National Technical Information Service, 5285 Port Royal Road,
Springfield, VA 22151.)

A total of 39 females and males were used as subjects in a study designed to test the
general validity and utility of methods and instruments of potential use in the determination of
the physiological cost of work performance in stressful environments.

A second goal of the study was to attempt a preliminary test of the hypothesis that
a form of employment (Air Traffic Services) traditionally considered stressful, was significantly
different from general forms of employment traditionally considered less stressful. To test this
hypothesis 23 people employed as air traffic control tower personnel were slated as the
Experimental group and 16 subjects employed in an operationally oriented research facility
served as the Control group.
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Within the parameters of this research design, consistent statistical significance was
estabPished when the entire sample was rmcategorized on the basis of subjective sleep adequacy
assessment rather than by job description. Further research is indicated with well defined
physiological categorization measures to obtain more definitive answers concerning job stress and
physiological cost and the methodology development necessary to support general research
efforts in this field.

loio Spekreijse, H. Analysis 2f E resoonses in Man ev ked by s _e modulated iLh.!.
Hague, Netherlands: W. Junk, 1966.

Our study of the electrophyslology of the human visual system has led to very few
correlations with the psychophysics of it. This emphasizes our incomplete knowledge at least
about the way in which the information is processed, as represented in the cortical responses.
Nevertheless, the pathways involved in the perception and in evoking the responses must have
sections in common.

It seems desirable to devise experiments especially directed to study this problem;
the experiments described with the "chessboard" fields may provide a first step to this end. Even
without this knowledge, however, a number of 'features of the electrophyslological system in
itself seem well enough established and consistent to make the use of the obtained results in
clinical ophthalmological and neurological research profitable.

1O09 Spence, D. P., & Lugo, M. Cardiac change as an index of attention. lournal of Abnormal
Psychology, 1973,11, 289-295.

Conducted a study with undergraduates in which 7 experimental Ss clinically
evaluated segments of a therapy protocol on the basis of specific verbal cues, and 9 controls made
the same evaluation with no awareness of the clues.. All Ss were monitored for heart rate while
listening to the protocol. and while making their judgments. All SS showed lower and less A

variable heart rate during periods when they were listening to the clinical segments than during
periods when they were making a clinical decision. The experimental group showed greater
awar.•iess of the verbal clues, but presence of clue was not associated with change In either mean
or variability of heart rate.
1-oo Spence, D. P., Lugo, M., & Youdin, R. Cardiac change as a function of attention to and

awareness of continuous verbal test. 5cience, 1972, UX 1344-1346.

A 17-minute passage taken from a patient's talking in a psychoanalytic interview was
played to 40 subjects, including trained therapists, therapists in trainir~g, and inexperienced
undergraduates. Subjects were alerted to the organizing theme (termination of the patient's
treatment) and asked to attend to direct and indirect references to this theme. Tonic heart rate,
averaged over 30 second periods, was lower when clues were present on the tape than during
control periods when clues were not present. Profiles of jiAasic heart rate were drawn for
11-second periods that overlapped the end of each clue and control passage. Profiles associated
with clues were significantly lower than profiles for control passages; profiles for recalled and
recognized clues showed a wave form distinct from that of profiles associated with unrecognized
clues.
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I1101 Spence, D. P., Lugo, M., & Youdin, R. Cardiac correlates of cogntive processing.

Psyhosmatic Medicine, 1974, 3§, A20-437.

A 17 minute passage taken from a simulated psychoanalytic interview was played to
a sample of trained therapists, therapists in training and inexperienced undergraduates who were
alerted to the organizing theme (of termination of treatment) and asked to attend, to direct and
indirect references to this theme. Tonic heart rate, averaged over 30 second periods, was lower

when clues were present thzn during control periods when clues were not present. Phasic heart rate
(11 second profiles) in the vicinity of each clue was significantly lower than profiles surrounding
control passages. Profile!i surrounding recalled clues were significanlty lower than profiles
surrounding control clues. Profiles surrounding more relevant clues were significantly lower than
profiles surrounding control clues whether or not the clue was recalled later. The findings suggest
that decreas.e in mean heart rate can be used to mark the appearance of a significant stimulus
even in cases where it does not appear in later recall; thus an on-line heart rate (HR) decrease may
be a more sensitive index of stimulus processing than a later verbal report. Correlations were also
founci between HR change and clinical experience and between awareness of termination clues
and clinical orientation.

11(32 Spinks, J. A., & Siddle, D. A. T. Effects of stimulus information and stimulus duration on
amplitude and habituation of the electrodermal orienting response. Biological Psychology,
1976,.4, 29-39.

This study was designed to investigate the effects of stimulus information and
stimulus duration on the skin conductance response (SCR) component of the orienting response
(OR). Three levels of stimulus information were combined with two levels of stimulus duration in
a 3 X 2 independent groups factorial design (N = 90). On the basis of Sokolov's (1966) theory, it

was hypothesized that: (a) high information stimuli would elicit larger initial SCRs than would
stimuli of low information, (b) high-information stimuli would evoke more SCRs throughout a
habituation series than would low-information stimuli, and (c) high-information stimuli would
require more presentations to reach a habituation criterion than would stimuli of low
information. It was also hypothesized that (d) long-duration stimuli would require fewer
presentations to reach a habituation criterion and result in a faster rate of habituation than would
stimuli of short duration. The stimuli consisted of black and white chequered patterns containing

12, 26 or 6i bits of information. Stimulus duration was either 0.5 or 4.5 sec, and each subject
received 2u presentations at randomly ordered intervals of 20. 25, 30 and 35 sec. The results
provided support for hypotheses (b), (c), and (d), but not for hypothesis (a). These results
support the view that OR habituation can be conceptualized as a process of information

extraction.
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11ve Spong, P. Cortical evoked responses and attention in man (Doctoral dissertation,
University of California, Los Angeles, 1966). Dissertation Abstracts 1967, 27, 4150B.
(University Microfilms No. 67-6512)

Major results of these experiments were: 1) Response magnitude was enhanced by
both general and selective attentiveress. However, effects of general alerting outweighed effects
of selective attentiveness. 2) Amplitude of somatosensory average cortica! evoked response
(ACER) component I was inversely related to attentive set in Experiment I, but was highly
variable in Experiments II and Ill. In Experiment IV, however, comparisons between conditions
indicated that both components I and II of somatosensory responses were consistently higher in
amplitude under conditions of low general alertness. 3) Peak latency tended to decrease when
component amplitude increzed with attentiveness, but latency data were highly variable

Conclusions reached were: 1) Cortical evoked response amplitude varies with both
general and selective attentiveness, but is more sensitively related to the former. 2) Analyses of
evoked responses in terms of components and peaks are of assistance in the determination of
effects of attentiveness on evoked responses, hut latency measures are less useful than amplitude
measures. 3) The amplitude of long-latency ACER components is positively related to level of
attentiveness; the "primary" component, however, at least for somatosensory ACERs,. may be
negative:y related to level of attentiveness.

1104 Spong, P., Haider, M., & Lindsley, D. B. Average evoked potentials during fluctuation of
attention in humans. Electroencephdaloraphv and Clinical Neurophysiology, 1964, L7,
714-71 5. (Abstract)

In each of 15 experiments (3 subjects. 5 sessions each) amplitude of the evoked
responses to missed signals was lower than to detected signals. The relation between reduced
amplitude and inattention held regardless of whether or not the missed signals occurred early or
late in the task. Less pronounced reductions in amplitude of evoked potentials were asscd;iated
with long response times to detected signals which suggested diminished attention.

Reduced attention, as measured objectively by results, was paralleled by
corresponding reductions in amplitude of the visually evoked potentials.

1106 Spong, P., Haider, M., & Lindsley, D. B. Selective attention and cortical evoked potentials.
Electroencephalographv and Clinical Neurophysiology., 1965, 18, 523. (Abstract)

i emporal and occipital evoked potentials to both click and flash stimuli were
compared under attentive and non-attentive states. Additionally, the effects on these evoked
potentials of the three different methods of manipulating selective attentiveness were
investigated. Differential ,.ffects of selective aittention on cortical evoked potentials were
demonstrated. J;
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10oe Spong, P., Haider, M., & Lindsley, D. B. Selective attentiveness and cortical evoked
responses to visual and auditory stimuli. Science, 1965, JAC8 395-397.

Cortical evoked responses to flashes and clicks were recorded from human subjects
performing visual or auditory tasks under three conditions of selective attentiveness. The subjects
were required to attend to the flashes and to ignore alternating clicks, or vice versa. Responses to
flashes recorded from the occipital area were larger when attention was dirtcted toward visual
stimuli, and responses to click stimuli recorded from the temporal area were larger when
attention was directed toward auditory stimuli.

1107 Spong, P., A Lindsley, D. B. Cortical evoked responses and attentiveness in man:
D i f fe r en t i a I e ffe c ts of selective attentiveness and general alertness level.
ElectroencephaloxraDy.jAnd Clinical NeuroDhysiololy, 1968,2& 396-397. (Abstract)

(1) Average cortical evoked reponse (ACER) magnitude varies with both general and
selective attentiveness, but is more sensitively related to the former. (2) Amplitude of long
latency ACER components is positively related .o attentiveness level; the "primary" component,
however, at least for somato-sensory ACERs, may be negatively related to attentiveness level. (3)
ACER analyses in terms of components anJ peaks are useful in determining effects of
attentiveness on evoked responses, but latency measures are less useful than amplitude measures.
(4) Careful analyses of human ACERs may enable interpretation of them in terms of brain
mechanisms controlling behavior.

1106 Squires, K. C., & Donchin, E. Beyond averaging: The use of discriminant functions tr,
recognize event related potentials elicited by single auditory stimuli. Electro.
encephalography and Clinical Neurophysiologv, 1976,41, 449-459.

A test of the stepwise discriminant analysis (SWDA) procedure for assessing
single-trial event related potentials (ERPs) is presented. Discriminant functions (DFs) were built
from a data base composed of single-trial ERPs from sixteen subjects who were presented trains
of loud and soft tones. Loud tones occurred randomly on 10% of the trials. Subjects either
counted the rare-- loud stimuli or solved a hidden-word puzzle. Various DFs at three electrode
sites (F z, C z and P z) were obtained to assess the feasibility of performing pairwise

discriminations between the various combinations of events which are defined by this procedure.
For the pair of events which yielded the most striking differences between their average ERP
waveforms it was possible to classify correctly, an average of 84% of the events using information
from one electrode site, and 89% of the events if information from multiple electrode sites was
used. A "subject-independent" DF was developed from these data and applied to data obtained

from seven new subjects. This subject-independent function proved to be sufficiently generalized
to classify correctly 81% of the trials. The nature of classification errors by this procedure is
discussed.
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lift Squires, K. C., '7l',ard, S. A., & Lindsay, P. H. Cortical potentials evoked by confirming
and discc.,nflrnr.i'i feedback following an auditory discrimination. Perceetion and
Psvcho~hvs!l1I,,'L,, 1973, ]1•, 25-31.

Vertex potentials elicited by visual feedback signals following an auditory intensity
discrimination thve been studied with eight Ss. Feedback signals which confimed the prior
miensory decision elicited small P3s, while disconfirmirig feedback elicited P3s that were larger. On
',he averagi, the latency of P•" was also found to increase with increasing disparity between the
iudgment j.nd the. Itedb ick 'iformation. These effects were part of an overall dichotomy in
waveshape following, contlrm•iIg vs disconfirming feedback. These findings are incorporated in a
general model of-the role .f P3 in perceptual decision making.

4

1110 Squires, K. C., Pachowski, S., Wickens, C., & Donchin, E. Sequential effects on
event-related potentials: A comparison of auditory and visual modalities. JFýýb-
gbJ•J.I•gJ, 1977, 14, 96. (Abstract)

, Subjects react to a random sequence of binary events as if the series were

coraw,' i'I by sequential rules. The reaction to an auditory stimulus on trial n of a sequence is
inflLrv'tJ by stimuli presented as far back as trial n-S, as indicated both by choice reaction time
and evi 4.kelated potential (ERP) nreasuro"s.

# Squires, Wickens, Squire.i, and Donchin (in press) proposed a model that accounts
for wise data in terms of "expecbncy." Expectancy fluctuates from trial to trial as a function of
a decriting short-tcrm memory for preceding events, incidental patterns formed by these events,
and the a priori probability cv the s~.muli.

The present expiriment was designed to determine whether the model developed for
auditorn sequences applies to the ERPs associated with visual sequences and whether the
parameters of the model were the same for both modalities.

Sv4m subjects (3 females, 4 males) were presented with series of auditory andi
series of visual stimuli. In the auditory series, stimuli were either 1000 Hi or 1500 Hz tones; in
the visual series, either blue or orange flashes were used. In each ieries, the two stimuli appeared
with ecial probability. Subjects counted the high tone in the auditory series and the blue flash in
the visual series. Each subject was presented with at least 5 200-stimuli series in -ach modality.
EEG was recorded (monopolariy) from Pz, Cz, and Fz.

Strong sequential effects on the ERP waveform were found in both modalities,
confirming the generai validity of the reported relationship between ERP amplitude and the
structure of Ic itimulus sequence. The expectancy model holds for both visual and auditory
s*- quences. Certain differences between the modalities can be accounted for by variations in the
duration of echoit'and iconic memory.
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1111 Squires, K. C., V. ickens, C., Squires, N. K., & Donchin, E. The effect of stimulus sequence
on the waveform of the cortical event-related potential. l.qqM, 1976, 193 1142-1146.

The waveform of the cortical event-related potential is extremely sensitive to
variations in the sequence of stimuli preced!ng the eliciting event. The waveform changes were
manifested primarily in the amplitudes of the negative component of the potential that peaked at
200 milliseconds, the positive component that peaked at 300 milliseconds, and the slow-wave
components. A quantitative model was developed relating the waveform changes to changes in
event expectancy. Expectancy is assumed to depend on a decaying memory for events within the
prior sequence, the specific structure of the sequence, and the global probability of event
occurrence. For stimuli relevant to the task, the less expected the stimulus the larger the
amplitudes of late components of the event-related potentials.

1112 Squires, N. K., Duncan-Johnson, C. C., Squires, K. C., & Donchin, E. Cross-modal
s e q u en tial effects on the P300 component of the event-related potentill.
Psychophvysiology, 1977, 14, 96. (Abstract)

Subjects react to a random sequence of binary events as if the series were
constrained by sequential rules. The reaction to an auditory stimulus on trial n of a sequence is
influenced by stimuli presented as far back as trial n-5, as indicated both by choice reaction time
and event-related potential (ERP) measures. In a companion report (Squires, K. et al., this
meeting), we show that these sequential effects operate in a similar manner for auditory and
visual sequences. The present experiment is concerned with the degree to which these sequential
dependencies are maintained when the subjects are presented with auditory-visual compounds.

Eleven subjects were presented with series of bisensory stimuli, each ccnsisting of
one tone (1000 or 1100 Hz) and one light flash (orange or bluve). Three of the four
auditory-visual compounds had a priori probabilities of .10; the fourth bisensory stimulus (1000
Hz tone -blue flash) was presented with a probability of .70. Subjects counted the three
equi-probable compounds of rare stimuli.

The E-EG was recorded from Pz, Cz, and Fz referred to linked mastoids.

Visual inspection of the average ERPs revealed that the P300 and Slow Wave
components were inversely related to the a priori probability of the bisensory st:imulus (i.e.,
double-rare stimuli elicited the largest amplitude componentsanddouble-frequeni: stimuli the
smallest, with the rare-frequent combinations eliciting components of intermediate amplitude).

If the P300 component reflects modality-independent processing, it is predicted that
intramodal and cross-modal sequential effects will be equivalent. The data appear to support this
hypothesis. It seems, therefore, that subjects categorize the bisensory stimuli as "rare" or
"frequent" across rather than within modalities.
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1113 Stamm, j. S. On the relationship betweer reaction time to light and latency of blocking of
the alpha rhythm. ElectroenceohalograDhy jn Clinical Neurophysiolot, 1952,.4, 61-68.

1. Mean reaction times for the group of subjects decreased systematically from
0.408 sec under discrimination to 0.319 sec under the speeJ-b condition. Latencies, however,
did not decrease effectively and varied only between 0.346 sec under passive to 0.327 sec under
speed-b condition. The mean correlation coefficients between the two measures were
approximately 0.3.

2. Under every reaction condition there were subjects who responded with longer
latencies than reaction times, and under the speed-b condition an average of 43 per cent of the
responses was in this manner.

3. Statistical evaluations of the data showed that the differences between the mean
reaction times under any two conditions were significant, whereas the differences of latent times
between the passive and any reaction condition were not significant.

4. It was concluded that reaction and latent times were measures of essentially
"independent systems.

1114 Starob;nets, M. Kh. Postoyannye polyarizatsio,inye potentsialy golovnogo nizga
cheloveka vo vremya bodrstvovaniya, narkoza i sna. (Steady polarization potentials of the
human brain during the time of vigilance, narcosis, and sleep.J Zhurnal Vysshei Nervnoi
.vate'gnosti, 1967, 17, 338.344.

't has been shown by the compensation method of measuring steady polarization
potentials of the human brain recorded from the skin surface of the frontal-temporal area that
the orienting reflex is accompanied by a diminution of the electro-positive potential on the side of
the head electrode.

The setting in of natural, barbiturate and hypnotic sleep is connected with the I
development of hyperpolarization of the human brain, while ether anaesthesia is attended with
depolarization. Hyperpolarization of the brain in natural and barbiturate sleep is passive by its
genesis and from G. N. Sorokhtin's standpoint is regarded as an electrophysiological expression of
the atony of cortical centres.

1115 Steele, W. G., & Koons, P. B., Jr. Cardiac response to mental arithmetic under quiet and
white noise distraction..Psychonomic Science, 1 968, 11. 273-274.

Ss were 10 females and 5 males, 19-26 yr old. The cardiac response to the mental
arithmetic task was cardiac acceleration. The increase during the distracting condition was
significantly higher than the increase during the quiet condition. These results were predicted
from Lacey's theoretical formulations.
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1116 Steele, W. G., & Lewis, M. A longitudinal study of the cardiac response during a
problem-solving task and its relationship to or eral cognitive function. Psychonomic
Science, 1968, 11, 275-276.

It has been hypothesized that cardiac responsivity should vary ac a function of the
S's intended transaction with his envrionnient. A developmental inquiry was instigated to-
determine the cardiac response to a mental arithmetic problem. Across age levels, Ss showed
cardiac acceleration during problem solution. While there was no developmental pattern in the
amount of acceleration, the results did indicate that the amount of cardiac acceleration was
positively related to Ss' IQ,

1117 3teinhoff, W. D. Tagesrhythmische Schwankungen von Kreislauf, Atmung und

Gasstoffwechsel Unter Fliegerischer Belastung. [Circadian rhythms of blood circulation,
-espiration and catabolism under stress in a flight simuletoo.J TC Rep2rt No. T72-09710,
1972. 1also abstracted in RadD Abstracts]

In order to determine the circadian rhythms of physiological standards under the
stress of flying, the pulse rate, frequency of respiration, 02 -inspiration ;nd CC 2 -expiration
have been investigated in a flight simulator with seventeen pilots of the GAF. The results showed
an exact circadian rhythm with graduail ascent of the physiological activity during the morning
hours until a maximum during the early morning. The nightly trough in performance, which once
again is proven by our results, should be considered seriously in flight schedules of military and
civilian aviation.

1118 Stennett, R. G. The relationship of performance level to level of arousal. Lournal of
Experimental PsychI!og, 1957, 5.4, 54-61.

A test "if the hypothesis that an inverted-U relationship exists between the level of
arousal and performance level was made by con'oaring the performance of 3' Ss on an avdto•y
tracking task under different conditions JC incentivt!. These conditions ranged widely from one ir,
which S was under the impression that his scores were not even being recorded to one in which
his score determined whether or not he avoided a 100-150-v shock and earned bonus money of
from $2.00 to $5.00. When the effects of learning on performance scores were controlled and an
interaction effect of the order of presentation of the experimental conditions had been partialled
o•;t, the data of this study gave strong support to the hypothesis. The hypothesis held regardless
of whether palmar conductance level or the "MG response of any one of four deferent muscle
grups was used as the criterion of arousal.
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111% Stephens, W. j., & Fenz, W. D. The effect of motivation on cardiac activity in a reaction
time task underconditions of augmented feedback. Psvchoohvsiologv, 1971,8, 264.
(Abstract)

The reiationship between cardiac activity and reaction time was investigated under
two conditions of motivation; an additional variable, augmented heart rate feedback, was also
studied.

Three groups, each containing 10 Ss, were in5tructed to press a key, as quickly as
possible, following termination of a mild 10 sec tone. one group received augmented visual
feedback of its heart rate throughout the experiment, a second group received false visual
feedback, and a third group received no feeback at all. After 20 reaction time responses all Ss
received new instructions: Immediately following each key-press response, they were shown, via
an oscilloscope, their mean reaction time over the first 20 trials, as well as their reaction time on
each new trial. To induce motivation Ss were told that they would receive 10 cents for every trial
in which they responded faster than the computed mean of the first 20 trials.

The results indicate that for all groups there was a highly reliable decrease in
ro'ction time due to the motivating instructions. In considering the anticipatory 10 sec period,
the heart rate data for the cor. oined groups revealed that the facilitating effect on reaction time
during motivatin is related to the increased alerting or arousing effect of the "get ready" signal,
rather than the level of arousal (he-, t rate) at the time of responding. Comparisons of the three
groups indicated that only the true feedback group showed a significant effect due to motivation,
namely an increase in cardiac acceleration to the "get ready" signal.

m10 Stern, J. A. Terminal OR's: Developmental considerations. Unpublished manuscript,
undated. (Available from J. A. Stern, Washington University, Behavior Research Lab, 1420
Grattan Street, St. Louis, Mo., 63104)

Our results, to date, are thus generally in accord with our hypothesized meaning of
the terminal and onset OR. Namely that 1) the onset OR is affected by stimulus complexity and
predictability, as well as response complexity, and 2) the terminal OR isaffected by stimulus
duration. Developmentally we see that with simple stimuli of relatively long duration, age
dependent differences in habituation rate of the terminal OR occur and no differences in onset
OR habituation are manifested. Making the stimulus somewhat more, complex and longer ve can
obtain age related differences in both the onset and terminal OR.

Speed of habituation of the ,erminal OR is, in our opinion, affected by such factors
as "attention span" and ability to conceptualize time, both being factors which develop as a
function of age, and we believe life experiences-- though a number of papers I've heard in the last
two days cast aspersion on this latter variable. We are hoping to continue our investigations of
developmental factors related to both onset as well as terminal OR's when funds again become
available for this research.
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1121 Stern, J. A. Visual perception and behavior. In Jbh secon• annual sumP_0sium for visual
X. Symposium sponsored by the University of Missouri, St. Louis, #969.

Our studies compare the visual search activity of skilled helicopter pilots and
unskilled pilots, using polygraph writeouts. The results clearly indicate that in tle horizontal
plane skilled pilots do considerably more visual searching than is true of unskilled pilots. We also
found that in both skilled and unskilled pilots, there are significant decrements in visual search
over time.

What was even more startling and perhaps more frightening was a phenomenon
referred to as "time-out." Time-out activity is defined by us as durations of time when the eyes
are seen not to move in either the horizontal or vertical plane, nor do any blinks occur during this
period of time. Our suspicion is that when we see this type of activity, the subject is staring and
probably not seeinganything. This type of activity also increases as a function of time on task. In
some cases we have seen durations of time-out activity lasting 50-60 seconds. This is frightening
in a fast moving helicopter. We suspect that the same is true of automobile driving and we plan to
extend this research into that area.

1122 Stern, J. A. The effect of fatigue on visual search activit.., -- final report. St. Louis,
Missouri: Washington University, Behavior Research Lab, July 1972. (NTIS No. AD
750097)

This report reviews our work on a) the development of recording techniques for
obtaining outputs from the manipulanda of helicopters (UH-11D) and automobiles, as well as
techniques for processing such data. The majority of the report deals with the recording and
utili.!ation of measures of visual search activity for the assessn ent of pilot performance as afunction of such variables as level of training, time on task, and sleep deprivation. During the
contract period, we developed the necessary hardware for electrooculographic rt~cording of visual
search activity, and computer techniques for abstracting relevant information from these records.
Two published studies utilizing these procedures are part of this report.

The report further detal:; some further development of the application of our
analytic programs to the evaluation of reading activity.
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1123 Stern, I. A., Beideman, L., & Chen, S. C. Effect of alcohol on visual search arid motor
performance during complex task performance. In M. Horvath (Ed.), Adverse effects of
environmental chemicals and psychotropic drugs: Neurophysiological and behavioral tests
(Vol 2). New York: Elsevier Scientific Publishing Co., 1976.

Electroo.ulographically recorded eye movements and outputs from wheel,
accelerator, brake and turn signal indicator were obtained while subjects were driv:ng an
automobile simulator under both sober and "inebria~ed" conditions (average BAC levels of 73
mgm%). Significant changes in aspects of visual search, eye blink and motor output were
obtained buoh as a function of state (sober vs inebri'-ted) ind time-on-task ("fatigue" effects).
Data reduction utilized a small digital computer (PL5--12) and examples of types of analysis

performed are presented. Consistent, across subjects, results were obtained for the visual search
parameters with respect to -alcohol effects. The patterns of decrements in performance as a
function of alcohol were more individualized. On the latter measures, in general, subjects
performed with shorter response latencies when inebriated but demonstrated markedly impaired
performance as measured by such variables as slope of response, overshoot in response, and
vacillatory compensatory reactions. On the visual search measures alcohol effects were
manifested by decrements in 1-cidence of saccadic eye movements (ionger fixation pauses), more
rapid deveiopment of "fatigue" effects, alteration in patterning of visual search activity, and
signific3nt changes in blink patterns.

1124 Stern, J. A, & Bynum, J. A. Analysis of visual search activity in skilled and novice
helicopter pilots. Aerospace Medicine, 1970, 41, 300-305.

Eye movements in both the horizontal as well as vertical plane and eye blinks were
recorded in 13 skilled and 13 unsk'lled pilots while flying the UH-1D helicopter during a
cross-country flight of approximately 50 minutes duration. Saccadic eye movements in both the I
horizontal and vertical plane were evaluated. The results demonstrate that skilled pilots, engage in
significantly more visual search activity in the horizontal plane than istrue of novice pilots. Both
skilled and unskilled pilots demonstrate changes in visual search activity as a function of tme on
task. These changes include: a decrease of searching in the horizontal plane; a decrease in
searching in the vertical plane; an increase in the amount of time not engaged in search activity
per unit time; and a decrease in blink rate. These results are interpreted as suggesting a decrease in
visual search activity as a function of time-on-task.

1v,25 Stern, R. M. Electrophysiological effecs of the interaction between task demands andsensory input. Canadian lournal of Pycholo, 1964,1_,311-320.

It was the purpose of this study to investigate the effects of reduced sensory input
on two task conditions. The effects were measured in terms of the el-ctrophysiological activity of
the autonomic nervous system and the skel,tal muscle system. A Vigil group reported the
"movementb" of an autokinetic light; a Red,: group simply relaxed. The autonomic indices
revealed significantly higher activity for the /ji1i Circup, thus sUpporting Duffy and Malmo's
hypothesis cc.icerning the importance of l•'C.i.an;ands in determining !evwl of physiological
activity.
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1126 Stern, R. M. Performance and physiological arousal during two vigilance tasks varying in
signal presentation rate. Perceptual nd .Mor.r ls, 1966,2, 691.700.

The purpose of this study was to compare vigilance performance and level of arousalof two groups rf Ss differing in the signal presentation rate they received. It was hypothesized i

that a group receiving relatively Infrequent signals would be over-aroused and would perform at a
lower level primarily because they would be responding to irrelevant stimuli. Basal skin resistance
and muscle potentials indicated that, as hypothes0!ed, the Infrequent Ss were more highly
aroused than the Frequent Ss. Performance data inciicated that the Infrequent group made a
smaller percentage of correct detections and a much greater number of false alarms than the
Frequent group.

1127 Stern, R. M. Reaction time and heart rate between the GET SET and GO of simulated
races. Psychophysiology, 1976, 13, 149-154.

The results of three experiments are reported in which simulated race situations, i.e.,
GET SET-5 sec-CO, were used to examine the anticipatory HR response and RT. The first study
involved sprinting up a flight of stairs and the second and third a bicycle sprint. The typical
pattern of phasic HR found was acceleration until 1 sec prior to GO and then deceleration. Tonic
HR appeared to be a function of the degree of anticipated phyrcal effort. Muscle potential,
recorded in the first experiment, appeared to be related to HR. No systematic relationsnip was
found between HR and RT.

112a Storm, W. F. Vigilance, h;, : .'ation, and oie cortical evoked response (Doctoral
dissertation, University of Mis6,.ari. Columbia, 1970). Dissrtation Abstracts International,1970,31, 3036B-3037B. (Univeesity Microfilms No. 70-20, 820)

Based upon sensory habituation findingsa modification of the arousal hypothesis was
proposed to explair and predict vigilance behavior. Two vigilance experiments were performed to
test the capabilities of this arousal-habitution approach. In both experiments, 24 male subjects
(12 assigned to each experiment) individually monitored a repetitively flashing light and were
instructed to respond when flashes of reduced intensity (signals) occurred. Occipital and vertex
evoked responses elicited by signal and non-signal stimuli were recorded and later averaged by
computer for analysis. The amplitude of the averaged evoked response to non-signal stimuli
served as indicants of the degree of neurophysiological arousa!.

In Experiment I, subjects performed in four 40-minute sessions on successive days.
The effects of manipulating periodicity of interstimulus intervals (regt.!ar vs. irregular ) and signal
rate (high vs. low) were investigated. Whereas subjects always performed in the same signal rate
condition in each session, an ABBA design was employed to ootain repeated measures on the
periodicity factor. In general, a negatively ac,-ilerated deterioration in detection performance
within a session was accompanied by a parallel decrement in occipital evoked response amplitude.
Vertex evoked response amplitude demonstrated no change within a session. The predicted effect

of irregular stimulus presentation wis not upheld.

In Experiment II, signal proltability, and not the total amount of stimulation,
proved to be the determining factor for the maintenance of vigilance performance and occipital
evoked response amplitude, As predicted by the arousal-habituation hypothesis, detection
performance and occipital amplitude deteriorated only when the ratio of signal stimuli to
non-signal stimuli was relatively low. As in Experiment I, vertex amplitude failed to reflect
changes in performance.
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In summary, the arousal-habituation explanation of vigilance behavior was
supported by the following findings: (a) if detection performance deteriorated within a vigil, it
was accompanied by a decrement in the amplitude of the occipital evoked resporse; (b) detected
signal stimuli elicited occipital evoked responses of increased amplitude, whereas missed signals
did not; and (c) maintenance of detection performance and occipital response amplitude was a
function of signal probability. Contradictory evidence resulted from the detrimental effect upon
performance and evoked response amplitude of presenting stimuli at irregular interstimulus
intervals.

1129 Strasser, H. HerzfreSuenz-un Sinusarhythmie-Messungen zur a d er Obiektivierung Y.0
Konzentration und Beanspruchung in Regelaufkaben. [Heait rate and sinusoidal
arrhythmia in view of objectivating concentration and stress LQi contro tasku. Paper
presented at the 14th meeting of the committee "Anthropotechnik" of the Deutsche
Gesellschaft fur Luft - und Raumfahrt, Munich, November 9II/. JAIso aostracteo in
Scientific L.nd Technical Aerospace Reports (Report No. DLR-Mitt 74-19).i

Mental effort during control tasks such as pursuit t,'acking tests was correlated with
heart rate, low frequency arrhythmia, and high frequency sinus arrhythmia profiles monitored
for several hours. Results show that pulse frequency and sinusoidal arrhythmia appear in a
somewhat reciprocal relation. Sinus arrhythmia, though varying greatly among individuls, is a
reliable parameter which provides supplementary information when test linked factors cease to
show up in pulse frequency.

113o Strasser, H. Physiological measures of workioad - correlations between physiological
parameters and operational performance. In K. E. Klein (Ed.), Methods to assess workload.
AGARD Conference Preprint No. 216, 1977. (Available from: National Technical
Information Service, 5285 Port Royal Road, Springfield, VA 22i51.)

Stress defined as input load of man at work may be assessed by means of operational
measures and time studies, but strain as the individual output cannot essentially be quantified
without also considering physiological data. Variability of some physiological parameters, mostly
used in the field of workload studies, will be described and their efficacy discussed for practical
applications in field studies. Methodical problems and improvements to counterbalance these
problems will be shown, too. Problems involved in interpretations of operational and
physiological data, will be dealt with.

Very often in experimental research on stress and strain, correlations between
operational, physiological and subjective rating parameters of workload are expected. By means
of data from experimental laboratory studies with simultaneously registered physiological and
operational performance measures, it will be demonstrated when correlations can be found and
when not.

The influence of different hypoxic gas mixtures on pursuit tracking and on some
physiological parameters has been studied. From the results the following conclusions can be
made: Already in relatively mU!d iiypoxia physiological changes are present, but normally were
concealed by teactions due to prolonged test time. Inspite of statistically significant physiological
effect;, no noticeable deteriorations of performance in tracking could be measured in hypoxia
down to a hypoxic gas mixture of only 13%02 in inspired air. Not until before 11%02
significant and mentionable impairments of tracking performance were found.

The same, shown for hypoxia, is true of noise. Decreased performance in noise could
not be found, but an increased level of heart rate tndicated the stress.
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Hence physiological indicators definitely react already in a low workload in order to
bring in action reserves of energy, which will guarantee z normal performance. Often operational
measures alone would fail to Indicate the strain of the human operator. Only in high workload, -
correlations between performance and physiological masu as can be expected.

1131 Straumanis, J, J., Jr., Shagass, C., & Overton, D. A. Problems associated with application of
the contingent negative variation to psychiatric research. Th,.. lournal of Nervou and
Mental Diase, 1969, 148, 170-179.

As a first step in applying Waiter's contingent neg.tive variation (CNV) incomparative studies of psychiatric patients, data were obtained concerning the Issues of
contamination by activity arising in the orbit and of Individual variability between different testparadigms. Subjects were 20 college students and 10 psychiatric inpatients. Looking only at the
conventional CNV recording leads (vertex-mastoid), a significant CNV was obtained in twoexperimental paradigms. However, analysis of the spatial distribution of the potential strongly
suggested that much of the recorded vertex-mastoid negative shift can be accounted for byactivity associated with eye movement. The distribution of CNV closely paralleled the
distribution of vertical eye movement potentials. Results in patients and nonpatients were
simi'ar. The vertex-mastoid lead placemerl appears to be a poor one for recording relatively
uncontaminated CNV; vertex-temporal cerivation appears promising, although a smaller negative
shift was recorded there.

CNV measurements of the same subjects obtained under two experimentalconditions were poorly correlated with each other, suggesting that the CNV responsiveness
under any one condition does not characterize the individual. It was concluded that application
of CNV recording to psychiatric research presents serious methodological and interpretive
difficulties.

1132 Stroh, C. M. • nc__e: Th.._e problem of sustained attention. New York: Pergamon, 1971.

This book reviews the theoretical and empirical data pertaining to vigilance. Thefollowing topics are discus.sed:

1. Factors influencing vigilance performance

2. Physiological correlates of vigilance performance

3. Theories of vigilance performance

4. Related theories and phenomena

S. Conclusions and discussion.
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1133 Stroh, C. M. The influence of personality and age on the relationship between vigilance
performance and arousal level. In R. R. Mackie (Ed.), Vigllanc : Theor , operational
-erformznc , and Ahvslotofical correlates. New York: Plenum Press, 1977.

Twenty-four male volunteer subjects took part in a one-hour visual vigilance task in
which they were required to detect flashes of unusual Intensity in a regular series of flashes. EEG
alpha-incidence, log skin-conductance, and pulse-rate, recorded in the ten-second period prior to
each of the eighteen signal presentations, did not distinguish between signals missed and signals
detected. Analysis of individual differences in EEG change revealed significant differences due to
neur)ticism and age. Older, less neurotic subjects improved their performance when their arousal
level is raised; younger, more neurotic individuals evidence a performance decrement when
arousal level is increased. Our hypothesis concerning the effects of neuroticism and/or
extraversion on the vigilance - arousal relationship was supported.

1134 Suenaga, K., Goto, K., & Suenaga, H. Study of EEG of bus drivers while -ing and at
rest. Kuru Medical lournal, 1967, 14, 43-48.

EEG before, during and after driving was surveyed in order to it. I:stigate the
method for determining the suitability of motorists. Subjects were divided into a group with
accidents and that without accidents, and the patterns of appearance of alpha waves at rest in
eye-closed state, at rest in eye-opened state and in the time of driving were comparatively
studied.

1. Low frequency alpha waves were often observed in individuals with accidents, in a
resting eye-closed state, but were less in those without accidents.

2. High. rate of alpha waves in a resting eye-operned state was frequent in a group
with accidents, but less in a group without accidents.

3. Most cases with dominant alpha waves during motor driving belong to a group
with accidents while few of them to a group without accidents.

1135 Sugarman, R. C., & Cozad, C..P. Road tests of alertness variables (ZM-5019-B-1). Buffalo,
New York: Calspan Corp. November 1972. (NTIS No. PB-215 450)

The study consisted of an on-road validation of a previous study of ,actors affecting
driver alertness which used a driving simulator to investigate the effects of driving time, acoustic
noise, and task complexity on driver performance. The on-road study closely duplicated the
low-event, long-duration driving environment. In general, the findings cf the simulator study were
verified, with exceptions attributable to the inherent lack of experimental control in the field-test
situations. It was confirmed that lateral road position error significantly increased as a function
of time, as also does the occurrence of the alpha rhythm in the electroencephalogram (EEG). The
number of small (20) steering wheel reversals also tended to decrease as time progressed.
Although not demonstrated in the simulator study, the use of an automatic speed controller was
found to foster decreases in alertness, as evidenced by changes in heart rate and the theta EEG
component. Loud, continuous noise acted as a stressful stimulus - physiological measures
indicated high arousal, while a performance measure showed higher error scores than shown at
lower noise levds. Many of the measures were found to supplement each other, leading to a
recommendation for a multiple regression analysis to develop an advanced index of driver
alertness.
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i11n Surwillo, W. W. Psycholog cal factors in muscle-action potentials: EMG gradients. jurnal
of Experimental hichoiog., 1956, A 263-272.

Previous studies have demonstrated that electrical activity in certain muscles
increases progressively from the beginning to the end of a task. These rises have been termed
electromyographic (EMG) gradients; and there is evidence which suggests that their slope Is related
to level of motivation.

The main purpose of the present study was to test the hypothesis that slope of EMG
gradients can be increased by raising the incentives in a task. Other related factors investigated
were difficulty and goal structuring. A tracking t sk was administered as compensatory pursuit
(Task A) and following pursuit (Task B). Both required almost identical forces and patterns of
muscular response; muscular activity was limited to nearly isometric contractions.

Sixteen college students performed Task A and Task B in balanced order. Incentives

were considerably higher in Task A, it was more difficult, and more strongiy goal structured than
Task B. EMGs from three of four muscles studied revealed steeper gradients for Task A. Control
conditions showed that the increases could not be attributed to either variations in grip pressure
or to muscular fatigue.

The study was repeated with 16 RCAF men. In this case, a third task with a higher
incentive - doubly rewarded Task A - was introduced. Degree of muscular effort required in
performance was also studied. Results indicated that incentive was the primary factor in raising
the EMG gradient. Shape of gradients was Invariant with the amount of muscular effort required
for performance.

1137 Surwillo, W. W. Frequency of the 'alpha' rhythm, reaction time and age. Nature, 1961,
191. 823-824.

IiThus, although data from only a small number of subjects were available, this
investigation reveals the presence of a significant relationship between a person's average 'alpha'
period and average reaction time: the longer the 'alpha' period (slower 'alpha' rhythm), the
5lower the response. It also suggests that older subjects with longer reaction times have
c ý-spondingly lower 'alpha' frequencies in the interval between stimulus and response than
younger subjects with shorter reaction times. While no causal relationship is implied by the
correlations, the results nevertheless lead to the speculation that the 'alpha' cycle, or some
multiple of it, may serve as the unit of time in the programming of the nervous system. This
possible implication is sufficient to 'varrant verification of our findings and further study. We
need to know, for example, what specific part is played by age in this relationship, and whether
the relationship holds in individual subjecd.

I

426

I,



i13e Surwillo, W. W. The relation of simple response time to brain-wave frequency and the
effects of age. Electroencephalography and Clinical Neurophysiology, 1963, 15, 105-114.

An experiment was performed to verify a previous finding of a positive correlation
(0.81) between response time and period of the EEG. Details of this relationship, with reference
to age and to a hypothesis concerning the function of the brain-wave cycle in simple behavior,
were investigated.

Reaction times and ave--age period of the EEG, recorded in the interval of time
between stiimulus and response, were determined for 100 subjects ranging in age from 28-99
years. The major results were:

1. The previous finding was confirmed. In the present study a correlation coefficient
of 0.72 was obtained between average reaction time and the average period of the EEG.

2. Excluding age from thisrelationship through the use of partial correlation, scarcely
altered this coefficient. Age as a factor in the observed correlation was, therefore, ruled out.

3. A highly significant positive correlation was obtained between age of the subjects

and the average period of their brain waves.

K 4. A low but statistically significant positive correlation was found relating average
reaction time and age. This positive coefficient vanished and became negative when brai:n-wave

' period was "partialled out". It was inferred, therefore, that EEG frequency is the ccntral nervous
system factor behind age-associated slowing in response time.

5. Evidence derived from data of each subject taken singly showed the presence of a
positive correlation between brain-wave period and reaction time in individual subiects.

6. Taken as a whole, the data suprort the hypothesis that th.- brain-wave cycle is the
basic unit of time in terms of which a response is programmed by the central nervous system.

11i3q Surwillo, W. W. The relation of decision time to brain wave frequency and to age.
Electroencephaloaraph, and Clinical Neurophysioloav, 1964, i 510-514.

Fifty-four Ss ranging in age from 34-92 years were requested to decide between 2
alternatives to examine the relationship between decision time and EEG period plus decision time
and age. Evidence was obtained to support the hypothesis that Ss with slow brain waves require
longer to make decisions than do Ss with faster brain waves. Decision time was also related to
age, but when EEG frequency was held constant this relationship completely- vanished. EEG
frequency was postulated as the factor behind the age associated drop in information capacity of
the central nervous system.
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1140 Surwillo, W. W. Some observations on the relation of response speed to frequency of
photic stimilation under conditions of EEG synchronization. Electroencephalography and
Clinical Neurophysioloi , 1964, j 194-198.

The question of whether a person's reaction time can be increased and decreased
merely by slowing down and speeding up the frequency of the brain's dominant rhythm was
investigated.

From a total of 48 subjects who were examined, five were found whose EEGs could
be synchronized to a flashing light over a wide frequency range while they were tested on a
reaction task. Although response time and period of the photic stimulus proved to be positively
correlated under conditions of EEG synchronization, the findings were only suggestive and could
not be used as a basis for any generalization.

1141 Surwillo, W. W. The relation of autonomic activity to age differences in vigilance. lournal
of Gerontology, 1966, 21, 257-260.

To test the hypothesis that difference- in autonomic activity are associated
with age differences in the rate at which vigilance -deteriorates, heart rate, palmar skin
temperature, and palmar skin potential were studied in a group of 33 young (Mn = 36.4 years)
and 33 old (Mn = 74.3 years) males. Ss continuously monitored the discrete movements of a
pointer for a period of one hour and pressed a response key whenever" the pointer displayed a
specific, irregular type of movement. In the final 45 minutes of the task, heart rate declined and
skin potential increased progressively. The slopes of the regression lines that described these
changes, however, did not differ significantly with age. Skin temperature, on the other hand,
declined progressively with time in the young group but not in the old group, ant the slopes in this
case differed significantly. The latter result was consistent with the hypothesis that differences inautonomic activity are associated with the more rapid decline of vigilance in old than in young
Ss.

1142 Surwillo, W. W. Time perception and the 'internal c~ock': Some observations on the role of

the electroencephalogram. Brain Research, 1966, 2, 390-392.

Although our findings may be taken as evidence for the alpha-rhythm as an internal
'clock' the correlation obtained is very small. Since the coefficient of determination r2 =
0.23•S = 0.055, period of alpha-rhythm, under these circumstances, accounts for only 5.5% of
the total variance in estimates of time. The fact that alpha-rhythm period varied only between
96-105 msec (9.5 - 10.4 c/sec) suggests that our correlation may have been reduced by the
narrow range of this variable. On the other hand, the range of 8.72. 11.43 sec of the estimates
indicates considerable variation in time judgment. Thus, although data from more cases are
required before any conclusions may be drawn, the present observations strongly suggest that
some factor or "actors other than the alpha-rhythm are required to account for variations in the
experience of time.
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1143 Surwillo, W. W. The influence of some psychological factors on latency of the galvanic skin
reflex. Psvchoohysiologv, 1967,.4, 223-228.

The purpose of this study was to examine the effect of differences in motivation and
in attention on latency of the endosomatic GSR. Using verbal instructions, two different levels of
motivation were Induced in a group of 37 Ss who performed a simple reaction task in which they
pressed a button whenever a 250 cycle tone was presented. The same tone also served as a
stimulus fM eliciting the GSR. In . second experiment, 42 different Ss performed a similar
reaction task, but in this case the stimulus was the 250 cycle tone or a 1,000 cycle tone of equal
subjective intensity. Ss were asked to give a voluntary response to all tones irrespective of
frequency and then, later on, to respond only when the 1,000 cylle oone was presented.

Although voluntary reaction times were significantly shorter under conditions of
high as compared with low motivation, latency of the GSR did not differ for the two conditions.
In the second experiment, significantly shorter GSR latencies were recorded under the condition
where Ss were required to pay closer attention to the stimulus.

1144 Surwillo, W. W. kelationshlp betwefn EEG 4ctivation and reaction time. Perceptual and
Motor Skills, 1969, 29, 3-7.

The relationship between RT and EEG activation, as defined by measurements of
both amplitude and frequency (period) of waves from the dominant hemisphere, was
investigated. A 2SO-c/sec tone that was presented without a preparatory warning signal was the
stimulus. Within-subject correlations from 99 Ss supported the hypothesis of an a.sociation
between EEG activation and behavioral arousal. F:requency of the waves was a better predictor of
RT than amplitude.

1145 Surwillo, W. W. Statistical distribution of volar skin potential level in attention and the
effects of age. Psychophysiolor, 1969,6, 13-16.

Skin potential (SP) level was investigated in 58 young (aged 22-53 years) and 64 old
(aged 54-8S years) Ss. SP recordings were made during a 15-min interval while Ss were taking part
in a watch-beeping task. The Kolmogorov-Smirnov twt revealed that, while the distribution o0 SP
level in young Ss deviated significantly from normality, the distribution in old Ss was normal.
Evidence suggested that age of Ss needs to be taken into account when dealing with distributions
of SP level rccorded under attentive conditions.

1146 Surwillo, W. W. Frequency of the EEG during acquisition in short-term memory.

fcoyhvsiolofiv. 1971, 8, 588-593.

This study investigated changes in frequency of the EEG in relation to the number
of digits inputed in a test of short-term memory. Four channels of bipolar EEGs were recorded
from scalp leads over parietal and occipital areas of both hemispheres, while lists of the WESC
digit span backward test were inputed. Data from 25 healthy Ss, who correctly recalled the 2-, 3-,
4-, and 5-digit lists in reversed order, were analyzed. Findings showed no statistically significant
differences in frequency of the EEGs recorded during acquisition of lists of different length. EEG
frequency was significantly faster during acquisition of the lists than during a control condition
in which Ss participated In an auditory reaction time task ; but the findings we-e not consistent
from channel to channel.
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1147 Surwillo, W. W. Human reaction time and endogenous heart rate changes in normal
subjects. bschophysol , 1971,1l, 680-682.

The present findings are clearly in agreement with those of Nowlin et al. (1970). RT
performance appears to be relatively independent of endogenous as well as exogenous changes in
HR. Taken together, the evidence from both studies argues strongly in favor of the conclusion
that background HR level is not an Important determinant of RT. Finally, it is worth noting that
this conclusion applies equally well to differences betwen subie;t. Thus, the r between mean
RT and mean HR for the group of 100 Ss tested was equal to -.16, which was not significantly
different from zero.

1148 Surwillo, W. W. Reaction-time variability, periodicities in reaction-tilue distributions, and
the EEG Sating-signal hypothesis. Biological Psychology. 1975, 3, 247-261.

Variability in a person's reaction time (RT) was itivestigated in relation to a model
which hypothesized that the speed of information processing is a function of two factors,
namely, the time characteristics of a cortical gating signal, and the recovery period of the events
activated by the gating signals. A total of 280 RTs were obtained from each of six young adult
subjects wh~le electroencephaloirams4EEGs) were simultaneously recorded. Half of the trials were
performed under conditions which yielded short, low variability RTs while the other 140 trials
were obtained under conditions which produced longer, highly variable RTs. Distributions of RTs
from the two conditions were examined in relation to distributions of EEG half waves - which
were assumed to define the period of the cortical gating signal .-taken from the interval between
stimulus and response. Findings were consistent with the model under investigation, namely: (1)
the two different conditions produced periodicities or multiple peaks in the RT distributions; (2)
the magnitude of the time intervals between consecutivp peaks in the subjects' RT distributions
was coirelated with the duration of the most frequently occurring half waves in their EEGs; and I
(3) inter-subject differences in variability of the RT distributions were associated with differences
in variability of the EEG distributions. P l 1

1149 Surwillo, W. W. Cortical evoked response recovery functions: Physiological manifesta.Ins
of the psychological refractory period? PsychophysboloK,, 1977, 14. 32-39.

A group of 12 young adults were subjects in two separate experiments. In the !irst
experiment subjects listened to 71 dB clicks presented in stimulus sequences consisting of i. ;inille
click and a pair of clicks. Interspersed at random amongthese loud clicks were soft clicks - -•ngles
and pairs of clicks - which subjects were required to detect and respond to by pressing , bi..! ron.
Averale evoked potentials (AEPs) to the second click of the pairs of loud clicks were invtst'•,Ited
as a function of the interstimulus interval (ISI), which had values of 50, 100, 250, 500, 7Sv,, and
1000 msec distributed at random. In the second experiment, similar sequences of clicks •vere
used. Single clicks were soft clicks, pairs of clicks were loud clicks, and subjects were r•'quir,:xl to
respond as quickly as possible to the second click of each pair. Reaction time (R') was
investigated as a function of the I15, which varied as in the first experiment.

Both the latency of the P1 and P2 components of the AEP and the RT were found
to increase with decreasing ISI. These results were statistically significant aý the .01 level of
confidence. Analysis of covariance suggested that the latency differences in P1 associated with
ISI could account for nearly half of the RT variance due to ISI. Findings suggest that latency
differences in the P1 component of the AEP may provide a physiological basis for the delays
known as the psychological refractory period which occur in the processing of closely-spzced
stimuli.
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1160 Surwillo, W. W., & Quilter, R. E. The relation of frequency of spontaneous skin potentia
responses to vigilance and to age. Psvchoohvsiz,, 1965,1., 272-276.

Skin potential (Tarchanoff effect) was recorded in 132 healthy males, aged 22 to 85
years, while they performed an hour-long watchkeeping task. Vigilance level, as measured by S5'
detection or failure to detect certain crtitical stimuli, proved to be related to frequency of
spontaneous skin potential responses (SPRs) in an interval immediately preceding the stimulus
Low vigilance was associated with fewer spontaneous SPRs per unit of time than high vigilance
This relationship did not appear to be the result of a correlation of the physiological and behaviora
variables with time or v-.,n age.

Old persons evinced a smaller number of spuntaneous SPRs in a standard time interval
than young persons. Lacey and Lacey's hypothesis that autonomic "labiles," or Ss who show a
large number of spontaneous autonomic responses, have shorter reaction times than autonomic
"stabiles" was confirmed. A related hypothesis, in which number of erroneous motor responses waý

4 the dependent variable, wAs not substantiated.

1161 Sutton, S. The specification of psychological variables in an average evoked potential
experiment. In E. Donchin & D. B. L indsley (Eds.), Avera evoked potentials: Methods,
results and evaluations. Washington, DC.: US Government Printing Office, 1969.

The most consistent differences in evoked potentials from the two tasks were found in
experiments where both tasks were difficult. The differences appeared most reliably at delays of
200 to 500 msec after stimulus presentation, in the latency range preceding the motor acts used for
reporting the required decisions. They could not, however, be accounted for by potentials
time-locked to the response acts themselves. Furthermoo.z, the differences appeared in data that
were averaged among subjects andacross sessions. We suggest that the differences that have appeared
in our experi-nents between evoked potentials recorr4ed during loudness discrimination tasks and
evoked potentials recorded from the same stimuli during pitch discrimination tasks might perhaps
hold clues to task-related differences in late steps of underlying physiological mechanisms by which
the stirriuli .- ýe ,valuateil and the required decisions made.

1162 iutton, S. The sensitivity of the evoked potential to psychological variables.
Electroencephalography and Clinical Neurophysioly, 1971,31, 302. (Abstract)

The P 3 component of th, average evoked -'-' al recorded at vertex is highly
sensitive to the "salience" of the stimulus to the subject. Data are presented for -1 variety of
experimental situations which show that: (1) P 3 is larger when the stimulus provides information
in a guessing situation. If absence of a stimulus at a particular point in tinge provides the
information, an endogenous P 3 appears at that latency. (2) When the guess is associated with a
monetary pay-off, P 3 is larger for hlrger monetary pay-offs. (3) The amplitude of P 3 is
monotonically related to the degree of unexpectedness of the outcome of the guess. (4) Pupillary
dilation for the same trials parallel the relationship between P 3 ,nd unexpectedness of outcome.
This sulsests the P 3 may be a central reflection of orien:ing. (5) P 3 is larger for relevant than
tor irrelevant stimuli. (6) The evoked potential to a click at absolute threshold is larger than for
an irrelevant click 30 dB more intense. (7) The evoked potential wave form in a discrimination
task is quite different between the stimulus being discriminated and the same stimulus used to
deliver knowledge " results.

Data are presented to show thit P 3 cannot be merely, or primarily,, the return of the
CNV to baseline. Predictable differences in P 3 are obtained when there are no corresponding
differences in CNV.
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lift Sutton, S., Braren, M., Zubin, J., & John, E. R. Evoked-potential correlateL of stimulus
uncertainty. Science, 1965, 150, 1187-1188.

The average evoked-potential waveforms to sound and light stimuli recorded from the
scalp in awake human subjects show differences as a function of the subject's degree of
uncertainty with respect to the sensotr modality of the stimulus to be presented. Differences are
also found in the evoked potential as a function of whether or not the sensory modality of the
stimulus was anticipated cornectly. The major waveform alteration is in the amplitude of a
positive-going component which reaches peak amplitude at about 300 milliseconds.

1164 Sutton, S., & Tueting, P. The sensitivity of the evoked potential to psychological variables. In P
H. Venables & M. 1. Christie (Eds.), Research in psychophysiology. London: Wiley, 1975.

We have argued that in evoked potential research with awake human subjects it is at
least inadvisable, and may even lead to Incorrect conclusions, to conduct the experiment without
reference to the subject's psychological relation to the stimulus. This has been supported by data
which show that the evoked potentials are reliably sensitive to manipulations of psychological
variables.

Illustrations have been given which lead to several conclusions. In the threshold
experiments we found that:

(i) A correctly detected stimulus at absolute threshold yields a larger evoked potential
than a much more intense, but irrelevant stimulus.

(ii) For both evoked potential and pupillary data, clear responses are found at absolute
threshold only when a stimulus is present And it is detected to be present. ..

(iii) Identical stimt.li yield very different evoked potentials when they are the stimuli
to be detected as compared to when they deliver feedback about the correctness of the detection.

In the guessing experiments we found that:

(i) A stimulus whose identi,, is not known in advance yields larger evoked potentials
than a stimulus whose identity is known in advance.

(ii) Even an absent stimulus (whether sound or light) yields an evoked potentia. related
to the point in time at which its absence is noted. However the evoked potential to an absent
stimulus only occurs when its absence is task relevant.

(iii) When intensity of the stimulus is task relevant, the evoked potential is targer than
when its intensity is rnot task relevant.

(iv) A stimulus that confirms a high payoff guess yields a larger evoked potential than
a stimulus which confirms a low payoff guess.
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1155 Sutton, S,, Tueting, P., Zubin, I., &John, E. R. Information delivery and the sensory evoked

potential. Science, 1967, J 55 1436-1439.

Tile wavefurrn of evoked responses recorde, fromn humian scalp is not dctermineJ solely
by the physical eliciting stimulus, but also varies as a function of the effective information provided
by the stimulus. There is a positive component whose latency is deternfitred by the point in time at
which ambiiguity is reduced, and whose shape and amplitude are influienced by vdiether it is the
presence or absence of an external event which, delivers the information.

lies Symposium on heart rate variability. ED~jrgnoics, 19~73, 16, 1.112.

Presents a series of 10 papers delivered at a symposium in October 197 1 on lie-Art rate
variability and the measurement of mental load. Subjects covered include cardiaic arrhythmi-ia as a
on heart rate, and techniques for assessing heart rate variability.

1157 Syndulko, K., & Lindskey, D. B. Motor and sensory determinants of cortical slow pc-Lential
shifts in manl. Inl. I. E. Desmedt (FEd.), Progressý in clinical IICUl01)IYSi0-oSoY. V01, 1.
Attentioi(n, yojuiritar contraction And event-related cerebral potentials. Basei, Switzer-Lind:
Karger, 1977.

The general conclusion of' this iudy is thiat the topographical distributiors of SPSs is
sensitive to both thle motor and sensory requirurments of tasks involving preparatory intet v ilii.o
Within the limits imposed by tile relatively widespread electrode arrays employed inl this study,
fa.ýy sharp regional differentiation.4 Could be made, particularly for SPSs related to visual
stimulation and] to unimanual motor preparation.Overlapping and interaction of different potenitial
distributions also occurred, as in the case of' SPSs over central and frontal regions associated with
auditory stimulation and motor readiness. General characteristics of' tile potential distributions are

* similar to some of those described in animial studies 'Synduilko, 1972), and thus invite comparisons
pssible deductior.s as to the physiological basis and functional significance of" the SPSs eiwd their

accompany ing behaviors.

118Szafran, 1 . Age differences inl sequential decisions and cardiovascular status amiong pilots.
.Acrospace Medicine, 1965, 36, 303-3 10.

Attempts are currently being made to sketch anl "aging profile"' of capacities of pilotsI
from physiological and psychological stat-dpoints. In a sam11ple of' over 100 subjec~ts representing a
profession the practice of whic.h requires making high-speed decisions, ýs well as an i~bilityj to
receivc and retain significant, amounts of information whi~st being fuhl'ý engallcd in routine
control procedures, age differences in the relevant modaliti~es of performance, ais studied ill thle
laboratory, are less impressive than mnight be cxpected from other data inl thle field of gerontology.
Pilo~ts over 40 years of age are relatively molre suisceptible thanl thle younger to the effects of
Information overload, particularly if this invol-.es short-termn recall when some other activity
intervenes during the period of retention. It is not clear, however, whether the conclusion that to
th is extent tliv. ma',iw bc' said to possecs less ''spare mental cipacity'' than the young is really forced
upon uis by the dill I. Al though the slowing wifih age, observed inl the face of additional information
challenge, is etquival~ri. to lowerin_ the rate of transmission of' informvationi it does not
une Ljuivocal~y ,uggest a reduced capacity for discrimination and choice . There is evidence that a
ch~inge of '"strategy" in detecting low probability and low intensity signals may occur as a
ctimulative result of prolonged experience, and that this change can be highly resistant to the adverse
effects (f aging in selected individuals. These subtle vaýliation% in the coding and decoding
operations performed by thle brain appear to be related to !.arditovasttular statuis amiong perfectly
healthy meitn.
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1159 Takakuwa, E. Maintaining concentration (TAF) as a measure of mental stress. grnmic,
1971, L4, 145-158.

Fatigue has been discussed both in physiological and psychological terms.
Undoubtedly these two aspects of fatigue Interact upon each other and it may be difficult to
distinguish between the two.

It is known that a certain degree of change in human functions caused by work-load
may result in lowered activity, and produce a subjective feeling of fat!gue. For fatigue evaluation,
the latter may serve only as a reference, while the former may be measured in terms of
performance, which must be a combined output of mental activity and physiological functions. A
solution to this problem may be the TAF-test, which has been devised as a new quantitative fatigue
test based on the concept of TAF. The average level of the TAF curv. (TAF-L) and its standard
deviation (TA F-D) are compared for pre- and post-work values and/or among different groups statisticall

As to the qualitative or psycholog!cal aspect, it is generally accepteJ that stress stimuli
bring about certain neurophysiological changes. At present, the mecholyl test is recognized as a
reliable means of showing the strength of homeostatic defence in the hypothalamus. However, in
comparison to the dangers of the mecholyl test, the CPT-swing degree, which we have developed,
may safely be used to identify the qualitative nature of the stress.

It is concluded that 'atigue can be dealt with quantitatively by the TAF-test and
qualitatively by the CPT-swing degree.

116O Tanis, D. C. A signal-detection analysis of auditory evoked potentials in an intensity
discrimination task (Doctoral dissertation, Washington University, 1972). Dissrtati2n
Abstracts International, 1972, 32, 7355B. (University Microfilms No. 72-17, 961)

Against a theoretical background provided by the Theory of Signal Detectability
(TSD), an attempt was made to relate changes In late positive components of the auditory evoked
potential to tne degree of confidence a subject attaches to his decisic, ns in a difficult auditory

dciscrimrination task. The following conclusions were drawn:

(1) The effects on th, auditory eoked potential (AEP) of listening Intently in an
intensity discrimination task, as opposed to a passive control condition (reading), are minimal for
strong signal levels of long duration. At low signal levels, the N1-P2 response is significantly
enhanced relative to oassive controls.

(2) Listeners can dktect increments in signal level in a rating task as well with a single-
interval procedure as when the standard tone is available for comparison on each trial.

(3) P3, that compiur1nt of the AEP observed by others to be sensitive to psychological
influences, was considerably enhanced relative to passive controls when subjects made a difficult
discrimination at strong levels of auditory stimulation. At weak levels, P3 showed a similar 4
reduction in amplitude to that of N!-P2; the latency of P3 also Increased. At neither level of
auditory itimulation was the amplitude of P3 found to be consistently related to psychophysical
judgments of confidence.
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(4) While the NI-P2 response to low-level tones was clearly enhanced when listeners
were attempting to detect small increments in signal level, there were no obvious differences in
N 1-P2 associated with various response criteria in a binary-decision task or with the various levels of
confidence in a rating task.

(5) With low-level signals and a binary-decision procedure, the amplitude of the
N1-P2 response varied as predicted by TSD. Accordin; t- TSD, the decision maker sets a criterion
which effectively partitions the stimuli into four subset,, with average signal levels decreasing in
the sequence: Ycs and signal-plus-noise-plus-pedestal (SNP), Yes and noise-plus-pedestal (N;'), No
and SNP, and No and NP; the N1-P2 response decreased in this same order.

1161 Tarriere, C., & Hartemann, F. Importance du niveau de vigilance physiologique dans
l'execution d'une tache de surveillance. [The importance of the level of physiological
vigilance in the execution of a surveillance task.) Travail Humain, 1968, 31, 125-156.

The information given by the E.E.G. and the pulse rate are compared with the

performance carried out by 126 subjects in a visual vigilance task of 150 minutes.

This study aims to answer the following questions: to what degree is the efficiency of
subjects in connection, on the one hand, with the activation level of their central nervous system,
and, on the other hand, with the focusing of .1heir attention which is drawn at varying frequencies
and for various lengths of time to other attractive points than the signals to be detected.

1162 Tarriere, C., Hartemrann, F., & Niarfeix, M. Influence de la fumee de tabac sur l'evolution de
la performance au cours d'une tache de surveillance. [Influence of tobacco smoking upon the
course of performance in a watchkeeping task.) Travail Humain, 1966, 29, 1-21.

A3 part of a research inquiry into the possible deterioration of alertness in drivers
owing to their exposure to carbon monoxide, the authors have studied and reported the effect of
CO blood levels in smokers set a task requiring alertness under conditions partially simulating some
aspects of driving an automobile. When the 24 smokers we studied performed their vigilance task
while smoking, the efficiency level of their performance was better (despite a blood CO rateSwhich was very high: 1.5 ml of COper 'I00g of blood) than they turned irn when deprived CS
tobacco beginning the night before the experiment. That superiority was observed as well in
relation to a contrrI group of 42 non-smokers: the performance of the latter group fell off during
the 150-minu:e test, whereas the performance levels of the smokers showed no significant decline.

The cardiac rate curves show a pattern which corresponds to the performance curve
pattern. This overalh correspondence might indicate overall activation levels which differ from one
to the other of the three groups tested.

The respe.:tive roles of nicotitie and a poss;ble personality factor common to most
smokers are discussed so as to allow for the facilitating effect of tobacco on perfermance. Also
discussed i% the importance of cigarette smoking as a CO intoxication factor which aggravates the
pollution level to which the driver of an automobile and the worker in industry are exposed.
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1163 Taub, . M., & Berger, R. I. Performance and mood following variations in the length and
timing of sleep. Psychophysiology 1973, 10, 559-570.

The relative effects of extended sleep, sleep deprivation, and shifts of accustomed
sieep time on subsequent performance and mood were studied. Ten regular 2400-0800 sleepers
worked on E-paced addition and vigilance tasks, and completed an adjective check list to rate their
mood following 2100-0800 extended, 2100-0500 advanced-shift, 2400-0800 habitual, 0300-0800
deprivation, and 0300-1100 delayed-shift conditions of sleep. Accuracy and speed of response on
the vigilance task were significantly poorer, and negative affect was significantly greater after the
conditions of shifted sleep and altered sleep duration than after the habitual sleep condition.
Changes in the mood and performance measures were unrelated to prior s,eep length or any specific
alterations in the electrophysiological patterns of sleep.

1164 Taylor, M. BP amplitude as a function of response contingencies. Psyzhophysiolog, 1977,
14,106. (Abstract)

Bereitschattspotentials (BP) are generally viewed as concomitants of planned motor
movement, whereas the CNV is associated with psychological constructs such as expectancy.
Studies have shown, however, that the BP and CNV may be affected by the same variables:
motivation, preparation, task difficulty and response requirements. This study investgates the BP
and preparatory muscle potentials under conditions that, as in a CNV paradigm, place
contingencies on the subject's response.

Scalp electrodes over the left and right motor cortex (C3, C4 ) were used to record
the EEG, with DC amplifiers, EOG was monitored from an infraorbital lead. Bipolar EMG was
recorded from left and righi forearm flexors.

Six e. perienced subjects were run twice on four randomly presented conditions: 1)
voluntary key press; 2) voluntary key press which initiated 2 100-msec tones, randomly varied in
frequency, separated by 1 .0 sec; 3) identical to condition 2, except that the subject was

instructed to press the same key as quickly as possible after thý second tone; 4) the experimenter
initiated the 2 tones and the subject pressed the key quickly after the second tone. All subjects
were right-handed and responded with their right hands. Averages of 20 trials (3.25 sec sweep)
were time-locked at 1.5 sec tc the subject's voluntary key press in conditions 1-3, and the firsttone in condition 4.

An analysis of variance yielded a strong interaction among the conditions, the EEG
and EMG leads, and the three amplitude measures made per average (F(18/90) = 10.4, p < .001).
BP and EMG activity increased over the first three conditions; CNV amplitude over conditions
2-4. A discriminant analysis, using seven of twelve EEG and EMG amplitude measures, correctly
classified 9 0% of the averages in terms of conditions.' Significant increase in BP duration over the
first three conditions was also found (F(2/10) 6.24, p < .025).
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lies Tchubarov, A. V., & Petelina, V. V. Ob otsenke kachestva raboty cheloveka-operatora po
EEG. [On estimation of working ability of the man-operator by the EEG.] Fiziologicheskii
Zhurnal SSSR, 1971, 57, 341-347.

Measured working ability as an integral of amplitude of discrepancy in time F -

J'A dt, where F is the error in the operator's work in rmm/sec, and A is the amplitude of the ray
deviation in mm. The electrical activity was tested with the P parameter indicating a relationship
between the averaged EEG amplitude and frequency. The F and P parameters were counted with
the aid of a computer complex. Despite the obvious individual peculiarities of motor reactions
and the different levels of CNS tonic activity, a regular dependence was shown between working
ability and electrical activity recorded dur;ng presentation of the task; with increasing P
parameter the F value also increascd.

1166 Tecce, J. J. Attention and evoked potentials in man. In D. I. Mostofsky (Ed.), Attention:
Contemporary theory and anaivsis. New York: Appleton-Century-Crofts, 1970.

Experiments bearing on the relationship between attention and the amplitude of
averaged evoked potentials (EP) in man have been reviewed. Attention directed to the source of
stimulation of the EP, e.g., counting lightflashes, often, but not always, leads to an increase in the
EP. Attention focused by psychomotor tasks, e.g., reaction time, is usually more efficient when
the EP is high. A slow, surface-negative DC potential (Contingent Negative Variation) is high
during focused attention, varyingly defined. There is no consistent relationship between the EP
and attention, defined 5y hypnosis and suggestion.

Inattention by distraction often reduces the EP, but there also exists negative
evidence. Inattention by habituation usually reduces the EP. The effects of sleep on the EP are
complex and seem to be, in part, z funci.n of background EEG. There is no clear relationship
between impaired attention by drugs and the EP, except for a fairly consistent, selective
reduction by LSD. Mesencephalic reticular stimulation reduced the EP in the single study
reviewed. No consistent relationship exists between the EP and schizophrenia. There is some
suggestion of a relationship between background EEG (especially if it is synchronous and high
voltage) and the EP. There is a dissociation between the EP and attention (low level of attention
accompanied by elevated EP) when background electrical activity is synchronous and/or high
voltage and attention is lowered, as during relaxed wakefulness and deep stages of sleep.

1167 Tecce, J. J. Contingent negative variation and individual differences. Archives of General
Psychiatry, 1971, 24 1-16.

Contingent negative variation (CNV) is a slow surface-negative cortical potential in
the human brain that is related to individual differences in psychological functions. Major sources
of interindividual variability in CNV development among normal adults, children and psychiatric
patients involve attentioti and arousal functions. Consequently, a two-process theoretical model is
postulated to account for individual differences in CNV, namely. that CNV amplitude is
positively and monotonically related to attention functions and nonnionotonically (inverted-U)
related to arousal functions. CNV also appears to be reflecting motor processes. Although CNV is
a potentially useful tool in psychiatric research, eye movements can drastically alter CNV and are
a serious methodological problem requiring further study. The neurophysiological genesis of CNV
involves both cortical (apical dendrites in upper layers of frontal cortex) and subcortical (brain
stem reticular formation) mechanisms.
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lies Tecce, J. j. Contingent negative variation (CNV) and psychological processes in man.
Psychological Bulletin 1972, 77, 73-108.

Contingent negative variation (CNV) is a slow, surface-negative electrical brain wave.
The basic experimental paradigm for generating CN'V is like that of a constant-foreperiod
reaction time task and involves the presentation of a warning stimulus (SI) followed by an
imperative stimulus (S2 ), to which a motor response is usually required. CNV appears within
the SI-S 2  interval as a negative shift in t~ie electroencephalogram (EEG) base line that
averages approximately 20 microvolts ( 0 v). hiaerpretations of CNV findings have involved the
psychological processes of expectancy, conation, motivation, and attention. A two-process
theoreticl model is proposed to account for CNV results: Magnitudc of CNV is positively and
monotonically related to attention and nonmonotonically (invew .c U) related to arousal level.

"W,' is also associated with other kinds of electrophysiological activity, notably autonomic
_:t *.- and slow cerebral potentials that accompany voluntary motor movements. Although

CNV is clearly a cerebral phenomenon, eye movements can seriously distort its measurement. It
is concluded that CNV is an electrical phenomenon of the human brain that is related chiefly to
attention and arousal functions.

1160 Tecce, j. J., & Hamilton, B. T. CNV redvction by sustained cognitive activity (distraction).
Electroencephalonraph, and Clinical Neurophyiiolog , 1973, Supplement 33, 229-237.

Eighteen normal volunteers were studied in a typical CNV situation, involving a light
flash followed after 1.5 sec by a tone terminated by a key-press (control condition). The use of
cognitive activity (adding 7s ad seriatum) as a sustained distraction from the primary task of
responding to S2 , resulted in CNV reduction and lengthened RT to S2. This finding was
interpreted as a "distraction effect" and as supp6rt for an attention hypothesis of CNV
development. The reduction in CNV amplitude produced by adding 7s was accompanied by
elevated heart rate levels, a finding interpreted as showing that CNV amplitude is inversely related
to arousal level. The results from the present experiment and findings reviewed from other studies
on CNV led to the formulation of two hypotheses to account for CNV dcvelopment, nameJy, that
CNV magnitude bears a positive relationship to attention to S2 and an inverted-U relationship to
arousal level.

1170 Tecce, J. J., & Scheff, N. M. Attention reduction and suppressed direct-current potentials
in the human brain. cience, 1969, 164, 331-333.

Distraction suppresses direct-cuirent potentials (contingent negative variation)
recorded from the human scalp. This reduction is accompanied by retarded reaction time.
Contingent negative variation and reaction time appear to reflect a common process, attention.
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1171 Tent, L. Versuche /ir fruherfassung von merkmalen mentaler uberbeanspruchung: Ein
beitrag zum problem der vorzeitigen invaliditat. I Investigation concerning early detection
of characteristics of rn'ntal over work: A contribution to the problem of early disability.]
Archiv Fur Die Gesamte Psychologie, 1968, 120, 1 -24.

Assesses variables of permanent mental overwork, which, in extreme cases, may
contribute to early disability. The risk of mental overwork is defined as the permanent 1 -sided
deviation from the convergency rule stating that mental expenditure and achievement tend to
adapt on a harmonized individual level of activity. Disproportionately high relative expenditu
may lead to an overdrawing of the regulating tolerance and result in1 early disability with forceu
convergency on a low activity level. In a 4-hr laboratory experiment with 30 students, the final
quotient of (normalized) expenditure (pulse rate) and (normalized) achievement - dependent
variable - could be predicted by means of weighted data from a different experiment -
independent variables (R = .7, P < 1%). This relationship was not reproduced satisfactorily in a
subsequent investigation of 102 industrial workei's using ratings cf superiors as a makeshift
criterion. The multiple correlation between rated zusf-emibility and 4 variables: body-weight,
blood-pressure, concentration test score, and achieveme... ..otivation, was only R = .4 (P < 5%).
In a discriminatory analysis, the means of weighted predictor scores of 2 extreme subgroups (N -
20; 22) differed very significanitly with still considerable overlap. This approach was discussed in
terms of G. P. Lienert's regression theory, and M. Haider's deactivation theory of fatigue.

1172 Thackray, R. I. Patterns of physiological activ companying on a
perceptual-motor sT eport No. 69-8). Oklahoma City, Okla.: FAA Civil Aeromedical
Institute, 1969. (NTIS No. AD-697945)

Skin conductance, heart rate, respiration rate, and blink rate were recorded from 15
Ss durin, performance at a demanding tracking task. Performance trials comprised 15 2-min
periods ot tracking per S with each period separated by 35-sec of rest. "Results suggest a central
process which exerts a suppressive or regulatory influence on . .. physiological variables during
attention, with a release of the suppression . . . during rest."

1173 Thackray, R. I., Bailey, ). P. & Touchstone, R. M. Physiological, subjective, and
performance correlates of reported boredom and monotony while performing a simulated
radar control task. In R. R. Mackie (Ed.), V iilance: Theor, opeational performance,.•~
physiological correlates. New York: Plenum Press, 1977.

The present study examined the degre.e to which reported boredom is related to
monitoring efficiency on a complex task and explored the general pattern of physiological and
subjective changes associated with boredom. Forty-five male subjects performed a simulated air
traffic control task for 1 hour. The subject's task was to respond to infrequent changes in
alphanumeric symbols on the simulated radar display. Physiological recordings of blood pressure,
oral temperature, skin conductance, body movement, heart rate and heart-rate variability, and
performance measures of mean and variability of response times were obtained. In addition,
subjects rated their levels of boredom, monotony, irritation, attentiveness, fatigue, and strain at
the beginning and end of the session. Two extreme groups of eight subjects each were formed
on the basis of their rated boredom and monotony and were compared with respect to changes in
each of the measures during the task period. The two groups differed significantly on several
measures with the high boredom-monotony group showing greater increases in "long response
times," heart-rate variability, and strain along with a greater decrease in attentiveness. The nature
of the pattern associated with boredom and rmonotony suggests a pattern more closely related to
attentional processes than to "arousal."
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1174 Thackray, R. I., & Jones, K. N. Level of arousal during Stroop performance: Effects of
speed stress and "distraction". Psychonomic Science, 1971, 2, 133.135.

Heart rate and respiration were obtained during Stroop performance. Although the
test is often reported to evoke strong feelings of frustration, no evidence of increased autonomic
arousal was found to be associated with the color-word interference effect, and this did not
change with the addition of auditory "distraction!' Increasing stimulus presentation rate
increased arousal, but this was independent et color-word interference.

1175 Tnackray, R. I., Jones, K. N., & Touchstone, R. M, Personality and physiolofical correlates
of performance decrement on a monotonous tasj reguirinh sustained attention (Report
No. 73-14). Oklahoma City, Okla.: FAA Civil Aetromedical Institute, December 1973.
(NTIS No. AD-777 825)

The reductions in task load resuhling from the increasing automation of air traffic
control may actually inc.- ,e ýt ".quirement for controllers to m.aintain high levels of sustained
attention in order to 0, ' :,!•ci. * -quent system malfunctions. A previous study indicated that
individuals sc(ring high on .• 'iirctibility scale found it difficult to maintain sustained attention
on a monotonous, ,,it perc,. .ually demanding, task. The present study used the same serial
reaction task to stuw4y other possible personality, as well as physiological correlates of individual
differences in performance decrement under low task-load conditions. Sixty subjects performed
the task continuously for 40 minutes. Extraverted subjects showed increasing lapses of attention,
while introverted subjects failed to shcw any evidence of a decline in attention. Of the two
extraversion components (impulsivity and sociability), impulsivity was the component
responsible for the obtained decrement. Heart-rate variability showod a significant relationship
with performance decrement while mean heart rate did not.

1176 Thackray, R. I., Jones, K. N., & Touchstone, R. MW Self-estinrates of distractibility as

related to performance decrement on a task requiring sustained attention. Ersonomics,
1973, 16, 141-152.

Increasing automation of air traffic control tasks may havw the undesirable side
effect of increased monotony as a result of the anticipated reduction in task demands. Since
individuals who are unable to sustain attention under low task-load conditions would appear to
be more likely to commit errors and be less able to handle a sudden emtvrgency situation, it
would seem desirable to examine the characteristics of individuals unable 1o sustain attention
under these conditions. In the present study, 50 subjects performed a monotonous, but
perceptually demanding task, for approximately 30 minutes without rest. It was found that
high-distractibility subjects (as determined from a questionnaire administe,ýed prior to the
experiment) showed increasing lapses of attention during performance, while low-distractibility
subjects failed to show any evidence of a decline in attention. Significant changes were obtained
for respiration, respiration-period variability, heart-rate variability, and skin conductance during
the task period, but the magnitude of these changes did not differ among the two distractibility
groups.
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1177 Thackray, R. I., Jones, K. N., & Touchstone, R. M. Personality and physiological correlates

of performance.decrement.on a monotonous task requiring sustained attention. British

lourna. of Psychology, 1974, 65, 351-358.

A serial-reaction task was used to study personality, as well as physiological,

correlates of individual differences in performance decrement under low task-load conditions.

Sixty subjects performed the task continuously for 40 min. Extraverted subjects showed

increasing lapses of attention, while introverted subjects failed to show any evidence of a decline

in attention. Of the two extraversion components (impulsivity and sociability), impulsivity was

the component responsible for the obtained decrement. Heart-rate variability showed significant

relationships with personality and with performance decrement, while mean heart rate did not.

1178 Thackray, R. I., & Pearson, D. W. Efferts of cognitive appraisal of stress on heart rate and

task performance. ereptual End Mot Sk.W., 1968, 27, 651-658.

The effects of threat of shock on heart rate and motor performance were studied on

Ss differing in previously expressed fear of shock. Twenty-four high fear-of-shock (HFS) and an

equal number of low fear-of-shock (LFS) Ss were given 15 training trials on a conventional

pursuit rotor. Following training one third of the Ss were informed that duritig subsequent trials

shock would be administered if performance fell below training levels, one third were told that

shock would be randomly administered, and the remaining third served as a control. No shocks
were actually administered. HFS Ss revealed significantly greater heart-rate acceleration and

Performance impairment, but only under the condition in which S, were told that receipt of

shock would be contingent on prior performance level.

1179 Thackray, R. I., & Touchstone, R. M. Recovery of motor Performance following startle
(Report No. 69-21). Oklahoma City, Okla.: FA "Aeromedical Institute, October 1969.
(NTIS No. AD-704 472)

Following training of 30 Ss on RT and tracking tasks while recording heart rate and
GSR, startle stimuli (noise) were presented during performance. Performance recovered within 15
sec and startle RTs were shorter than those for nonstartle stimuli. Ss least proficient in
performance showed the greatest increase in error and reacted most strongly to the startle stimuli.

1160 Thayer, R. E. Activation states as assessed by verbal report and four psychophysiological
variables. Psychophysiolog, 1970, 7, 86-94.

The present research was part of a program aimed at examination of the validity of
controiled verbal reports of various activation states. A difference sco'e design was used in which
four psychophysiological measures and verbal ratings of various activation states were obtained in
a baseline and an activation pediod from 41 female subjects. Verbal reports were then correlated
with individual pbysiological measures and composites or indices of physiological measures.

Specifically, two kinds of physiological index were employed, one in which the subject's
physiological change score was represented by the single system showing the greatest change, and
a second index weighted equally by all four physiological measures. The physiological index using
the single system showing the greatest activation yielded slightly greater correlations with verbal
report than the other index. Skin conductance and heart r3te, the best combination of the four
physiological systems measured, correlated as high as .62 with verbal report. The results were
interpreted as demonstrating the usefulness and validity of controlled self report and the relative
superiority of skin conductance and heart rate among other physio!ogical systems in correlatiuns
with verbal report.
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1161 Thetford, P. E., Klemme, M. E., & Spohn, H. E. Skin potential, heart rate, and the span of
immediate memory. Psvchophysioloiv, 1968,5,166-177.

Relations between orienting response and span of immediate memory were studied
by measuring skin potential responses (SPR) and heart rate (HR). Four conditions were studied
by presenting letters in a tachistoscope and a 1000 cycle, 100 db tone simultaneous on some but
not all trials. The conditions (15 Ss in each) were: tone and letters for 10 trials, then letters alone
for 10 trials; tone and letters for 20 trials; only letters for 10 trials, followed by letters and tone
for 10 trials; and only letters for 20 trials.

The results showed: (1) positive SPR habituated and negative did not, (2) tone
produced more SP activity, (3) HR showed a shift from acceleration to deceleration over 20
trials, but tone had no influence, (4) tone had no direct influence on span scores, (5) Ss showed
improvement in number of letters reported correctly. There was a significant correlation between
span and negative SPR when tone was sounded (r = .36).

11g2 Thompson, D. J. Influence of selective attention on the averaged electroencepialic
response (Doctoral dissertation, The University of Wisconsin, 1972). Dissertation Abstracts
International, 1973, 34, 45B. (University Microfilms No. 73-10, 744)

A selective attention paradigm was used to investigate the relation of attention to
the averaged eleciroencephalic response (AER) in 14 young adult subjects (9 male, 5 female). Two
areas of the time-divided AER were examined: '1) the filtered (20-150 Hz) early AER (8-40
msec); and (2) the filtered (1-20 Hz) late AER (40-400 msec). Amplitude differences between
attending and nonattending conditions, and between hemispheres within attending conditions,
were of primary interest.

Stimu!i were simultaneous phase-locked 100 mscc (D1 ) or 130 msec (D2 ) 1000 Hz
tones (rise-fall time - 1.5 msec) generated onto two channels of a tape The interval between the
termination of one tone and the onset of the next was 800 msec. D2 occurred randomly with D1
independently on each of the two channels, but D2 never occurred simultaneously on both
channels. One of these channels was routed to one ear of a subject and the other to the subject's
opposite ear.

Each subject experienced six conditions: reading (R), sit-monotic (SM),sit-dichatic
(SD), attend-first (Al.),attend-second (A2), and attend repeat (Arp). Subjects performed three
tasks among these conditions: (i) reading duringcondition R; (2) sitting quietly, eyes open, during
conditions SM and SD; and (3) marking the unilateral occurrence of D2 , by pressing a silent
switch, during contritions Al, A2 and Arp. The task of condition Al involved paying close
attention to the right (or left) ear, and pressing the switch when the longer duration tone (D2 )
occurred in that ear. Condition A2 had the subject track D2 in the ear contralateral to the one
used in Al. Arp was a repeat of Al. The first two conditions were to settle the subject, and were
not included in the analysis of the data. The AERs obtained from the Al, A2, and Arp conditions
were later compared to the AERs from condition SD (SD-attend). The possibility of amplitude
interhemispheric asymmetries was investigated by comparing mean AERs for each hemisphere
within each attention condition.

Impresssions gained from analysis of the data allowed three tentative conclusions:
(1) there was an attentional effect upon the late AER-a trend toward diminution of the
amplitudes of one late peak-to-peak amplitude component (P18 0 -N25 3 ); (2) there was no effect
of attention upon the early AER; and (3) there was no systematic amplitude interhemispheric
asymmetry associated with either early or late AERs within attention conditions. The cause of
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the late AER amplitude diminutions, when subjects were attending, was speculated to be a
reduction in the contribution of the activity of the nonspecific cortices to the amplitude of the
late AER.

1183 Thompson, L. W., & Botwinick, 1. The role of the preparatory interval in the relationship
between EEG alpha blockin$ and reaction time. PsIchophysiolo.e, 1966,3, 131-142.

The association between alpha-blocking and improved reaction times (RTs) has not
been consistently demonstrated in past studies. The possible importance of the preparatory
interval (PI) in this relationship has not been totally assessed, and it was felt that further
exploration of this variable would help to explain the discrepancies. RTs were measured in two
experimemts, each using different types of stimuli and different Pi durations. In the first, 4 PIs,
0.5-, 3.0-, 6.0-, and 1 S.0-sec, were used in a regular and irregular series. The warning signal was a
400-cps tone; the stimulus, a 1000 cps, tone. In the second, Pis were 0.50-, 0.75-, 1.00-, and
1.50-sec; the stimul-us was a si4gle flash from a photo stimulator. EEGs were recorded
simultaneously from the parieto-occipital region. Both peak-to-peak amplitude measures and
subjective ratings of alpha-activity were made prior to the onset of the warning signal and the
stimulus. The results did not support ealier findings of a relationship between alpha-blocking and
RT. However, RT and alpha-blocking were each (independently) a function of the PI.

11"4 Thompson, L. W., & Botwinick, J. Age diffirences in the relationship between EEG arousal
and reaction time. J [ni 9.f Pt hoy , 1968, §.J, 167-172.

An EEG measure of arousal was investigated in relation to the preparatory interval
(PI) in the context of a reaction time (RT) study for each of two age groups. The two groups
(19-35 and 62-47 years) reacted differently to the PI variatiuis with respect Zo the arousalmeasure, but not with respect to RT. Measures of arousal and RT were uncorrelated. These

results, plus the finding of a statistically significant age difference in RT bt, not in the EEG
•.easure, lead to the conclusion that, in this study at least, EEG changes did not explain theZloing in old a&..

1ias Thompson, L. W., A Botwinick, J. Stimulation in different phases of the cardiac cycle and
reaction time. PsUchouhysio2io, 190,.1, 57-b5.

Several studies have suggested that reaction time (RT) may be reiated to variations
in blood pressure wthich occur w*th each heart beat. This was tested in a series of four studies in
which possible effects of the preparatory interval (P1) were controlled.Stimuli were prestvnted at
0. 230, 400, and 600 msec following the R wave, and duriig the ascending-iJope of the R, T, and
P waves of the cardiac cycle. No relatiomnhip was found in any of the four studies between RT
and the phase within the cardiac cycle when the stimulus occurrJ.
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IMS Thompson, L. W., & Thompson, V. D. Comparison of EEG changes in learning and
overlearning of nonsense syllables. Pycg j RemSrls. 196S, IA. 339-344.

A comparison between EEG changes occurring during learning and overlearning of
nonsense syllables was made, with emphasis on activity related to occasional errors of
well-learned material. Seventeen college students learned 12 nonsense syllables by the serial
anticipation method, followed by 20 trials of overlearning. EEGs were recorded simulLaneously
and analyzed by a Burch 1-eriod Analyzer. Increased fast and decreased alpha activity were
obsred during learning. During overicarning, tracings returned toward control levels. Activity
associated with errors during overlearning showed a marked increase in fast and decrease in alpha
comparable to the changes noted in earlier stages of learning. The data are discussed in terms of
the functional significance of the reticular sysem.

1167 Thorsheim, H. 1. EEG and vigilance behavior. Psych~nomic ,& e, 1967,1, 499-500.

An attempt was made to relate a physiological index of arousal and a behavioral
index to test the arousal theory of vigilance. A visual monitoring task was used and the arousing
activity was motor movements between signaL. The motor manipulation was found to influence
physiological arousal, but not the behavioral measure of monitorinig efficiency.

1165 Tinsley, 1. H. AO investiation of physiological cofelja. S9f vitie Ilrformance.
Monterey, California: Naval Postgraduate School, October 1969. (NTIS No. AD-706054)

A pilot investigation of physiological parameter; was conducted to determine
possible corret:tes of vigilance performance. Six parameter measurements were continuously
recorded during a 48-min vigil as 6 Ss monitored a voltmeter dir-play. Simple and multiple linear
correlation analyses were performed to determine the relationship between parameters observed
and the percentage of signals detected. Results showed systolic blood pressure (r = .382, p ._08),
skin temperature (r = .378, p <.08), and diastolic blood pressure (r = .330, p (.13) were each
correlated with vigilance performance. No correlation was found between performance and skin
resistance, heart rate, or pulse pressure. A multivariate analysis indicated that the addition of skin
temperature to systolic blood pressure provided a multiple correlation of R = .497, p <.06,
between those parameters and performance, and the further addition of pulse pressure as a third
variable increased R to .541, p(.08. These results and some additional, ad hoc analyses are
interpreted in the context of the Arousal Theory of vigilance.

1i1 Travis, R. C., & Kennedy, J. L. Prediction and automatic control of alertness: I. Control of
lookout alertness. JIgju.£.l of Comparative and Ph]sioloical Psychology 1947, N,
457-461.

Using a Grass amplifying system and an electronic accumulator, the experimenters
studied the relationship between react,\on time and muscular tension-level in a simulated lookout
situation. After establishing normal reaction times to light in the usual manner, the light stimulus
was automatically given when action potentials from electrodes placed just above the eyebrows
decreased by a certain pre-determined amount. The trend of the results indicated longer reaction
times with lower muscular tension levels. The apparatus seems "promising enoughi to Doint the
way in the development of a practical technique to detect states of alertness and automatically
warn the subject of an approaching dangerous inattetnion during monotonous tasks."
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STravis, R. C., & Kennedy, 1. L. Prediction and control of alertness: IllI.Calibration of the
alertness indicator and further results. J.o j 9_f je
hVC 1949,42 45-57.

1. In calibrating the frequency characteristics of the alertness indicator for the range
of frequencies from 25 to 400 cps there was a marked uniformity of response in the critical
voltage range of 4 to 8 microvolts.

2. The comparison of two independent simultaneous pen records of frequency
networks 40 cps and above, and 150 cps and above, with a human subject, showed marked
similarity and a high correlation, indicating Lhe input voltage is the important variah4e.

3. Changes in electrode resistance as high as 40,000 ohms during an expehmental
sesion seem to have little or no effect on the alertness indicator function, assuming a good
contact is maintained.

4. It was demonstrated in a lookout task that a uniform pin setting to permit an
input voltage of 6-7 microvolts to close the accumulator relay was feasible from subject to
subject.

S. Tentative results showed a definite association between electrical potential output
from the subject and length of time to assemble units in a simple assembly task.

6. In corparing tension levels while performing different tasks, simple tracking was
found to produce - significantly higher tension1 level than veading, solving simple mathematics
problems, and simulated lookout. The latter three tasks were about equal in tension level.

1191 Travis, R. C., Kennedy, J. L., Mead, L. C., & Allphin, W. Muscle action potentials as a
measure of visual performance cost. Illuminatinf Enzineerin , 1951, 46, 1824 87.

If similar results are obtained when tests are extended over periods of several hours,
it would indicate that as far as physiologicaJ cost alone is concetned, there is no need for high

footcandle levels when reading a weil-printe.l book in a comfortab:e suiround. However, tasks of
greater difficulty will require more than minimum illuminat•oi for lowest physiological cost.

The following are suggested for further investigation:

1. A continuation of the tests already described.

2. Reading 10-point type in a comfortable surround at low illumination levels for
long periods of time.

3. Reading at different illumination levels in a dark surround for long periods.

4. Arn analysis of industrial and commercial tasks in terms of tension level as affecter
by illumination.
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11M Troy, M., Chen, S. C., & Stern, I. A. Computer analysis of eye movement patterns during
visual search. ,Seo2W Medicine_, 1972, _0, 390-394.

Eye movements were recorded from 13 novice and 13 skilled helicopter pilots
during a cross-country flight. This analysiu is restricted to an evaluation of the pattern of eye
movements as a function of (a) skill and (b) time on task. No differences were found as a
function of skill. The incidence of non-patterned sear, ýi activity was found to decrease as a
function of time on task. The results are discussed in ternis of a decrease in alertness to
"'unexpected" environmnental stimuli. The development of a reliable computer-based procedure
(utilized in the present study) for ar ,yzing eye movements is also discussed.

,,gs Tsaneva, N., Danev, S., & Dobrvolski, I. Recherche sur ;e travail des operateurs dans
I'industrie chimique. IStudy of tve operatc "1' task in the chemical industry.I Actes du
"Ioisi ne • de I& a Societe r oie de Lanftue Francaise., Bruxelles: Presses
Universitairesde Bruxelles, 1968, 1-2-1!.-.

Thisstudy examined the relaio-r.-:-hip between heart rateand mental load (as
determined bytw o taskthree dfft,, it cperator task loads). It was found that heart
rate at the end of the iask period was sigri. icantuy higher for the most complex task as compared
to the othwer two task loads.

1104 Tueting, P., & Sutton, S. The , ,ationship between prestimulus negative shifts and
poststimulus components of the averagee- evoked potential. In S Kornblum (Ed.),
Attention_ nderforman e LV New York & London: Academic Press, 1973.

Four formulations were considerec( concerning the possible relationship between
averaged pre- and poststimulus waveforms. Art adeojiate formulation must account for data
showing that although a prestimulus negative shift tends to be associated with changes in the
vertex averaged evoked potential, especially a positive enhancement of P3 (and possibly of the P2and N2 components), pre- and poststimulus activity can also be dissociated. For example, it is
possible to find fuznctional relationships between evoked potential implituade and certain
experimental variables while controlling for differential contribution of prestimulus activity by
presenting stimulus conditions in an unpredictable trial sequence. Further research is required in
order to determine the exact nature of associa .ion and dissociation between pre- .- d
poststimulus activity with particular attention to the posrsibility of an overlapping of components
from different neurological sources in some experimental designs.

11ii Tueting, P., & Sutton, S. Auditory evoked potential and lift/no-lift reaction time in
relation to uncertainty. In W. C. McCallum and J. R. Knott (Eds.), Th.e responsive brain.
Proceedinp of the Third International Congress on Event-Related Slow Potentials of the
Brain. Bristol, England, 1973. Bristol: John Wright, 1976.

Averaged evoked potentials and lift/no-lift RT were studied in relation to
uncertainty. The results were: (1) Median RT wasi longer in the uncertain condition than in the
certain condition. (2) P3 amplitude was larger for the uncertain condition at F C Pz and 0 loci
for both lift and no-lift trials. (3) In the uncertain condition P3 amplitude in t e no-litt trials had
a more anterior distribution than P3 in the lift trials. (4) In the certain condition P3 ar.nplitude in
the lift trials was larger than in the no-lift trials. (5) CNV was larger in the uncertain condition
than in the certain condition, and in the certain condition lift trials had larger CNV than no-lift
trials.
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"g~Theting, 0'., Sutton, S., & Zubin, J. 'Quantitative evoked potential correlates of thc
probability of cv,:nts. PsychoL~ysiolog. 1970, 7. 385S-394.

A *ate p. itive-golng component (P3) of the average evoked potential recorded from-
humnz.-i :.caiq v.;.~s shown to be quAntltatlvely related tol g~jgistimulus probability both when the
S was t&'. the ldenti'.y of the Witmulus bef'ore it was presented and when the S was not told, and
uvas ills, r),;d to gnss. ltý the guessing situation, the amplitude of P3 wsmuhlreanws
influenced not oniV by tht a ajrlw prc'bablllty of events determined by the experimenter but also
by tthe Inieavon of t.hese pro'babiiwties with the S's guessing behavior. The amplitude of the late
po3sitive cornpovient was inversely related to the proportion of trials in which a particular event
was ossuciated with a p~&ttic'lar gu,,Lss, i.e., the proportion of hits and misses. It was larger the more
unrxpectý.d the outrome of the guesi.. This relationship held for different methoda of
rnamdpulatisig the probaý,Iiti- of two events.

.1-A7 Toirsky, B., Schwartz, G, E-, & C'ider, A. Differential patterns cf heart rate and skin
resistance during a digit,,transformation task. JaUrna of Extrnjt~ Psch~olo~v., 1970,

M45 1-457.

Fifteen Ss 2erforrned a pa%..ed digit-tvansformation task at two levels of difficulty
under an overt or covert response requirement. Time-locked recordings of heart raze and skin
resisvince showied heart-rate deceleration during the information-in take phase of the task and
acceieration during cognitive processing.. Skin resistance showed a generalized arou"Il pattern
during both information intake and processing. Response magnitudes in both measures were
generally enhanced in the more difficult condition and under the requirement to make an overt
response indicating task Cullfillment. The resilis support Lacey's hypothesis of
directional fractionation of autonomfrc resp~onse as a tunction of the internal -external attention
demands of imposed tasks.

1108 Tuton, K. V. Level of activation during signal detection tasks (Doctora! dissertation, The
Pennsylvania State University, 1969). Dissertation Abstracts Internationa, 170, 3.1
2: '113-23328. (University Microfilms No. 70-19, 48'

This thesis was an attempt to explore the relation between level of activation, and
performance on two signal detection tasks. In this experiment,celectric shocks of five different
intensities were used to m inipulate within S level of activation. In addition, there were two signal
detection tasks differing in discrim~nation difficulty. The 3-toric tank required one group of Ss to
discriminate the signal from two other tones, trie 7-tone task required the other group of Ss toI ~discriminate tUie signal from six other tones. f he specific hypoth~eses tested were as follows:

wil be1. Activation lew.,i, iis measured by finger pulse' lume and galvanic skin resistance,
wlbedirect function of shock intensity.

2.The curvilinear' inverted 1.) function relating act~vation level and performance will
hold only ýor thi, 7-tone task group. The re.ation between activation level and performance for
the 3-tone task group will he linear.

3. The 7-tone task group w!ll have longer latencles and make more errors in task
Performance than the 3-tone task group.

4. The 3-totte and 7-tone task groups will not differ significantly in level of
activation as measured by ringer pulse volume and galvanic skin resistance.
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Two psychophysiological measures of level of activation were used, finger pule
volume and galvanic skin resistance; both were measured as a percentage of a prior resting level.
Three measures of performance on the signal detection task were used, response latency, false
positive errors, and non-response errors. The order of assignmont of shock levols within Ss was ;
determined by means of a Latin Square.

Three of the four hypotheses of the present study were confirmed. HyFothes&s ,wc,
the most important one for the confirmation of activation theory, was niot vholly confitmed.
Instead, Lacey's (1967) criticisms of activation theory ware supported. Results of the presc.nz
experiment strongly suggest that activation tbnory be modified.

I
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11i@ Untal, W. R. Do compound evoked potentials reflert psycholigical codes? Psychological
Bulletin, 1965, 64, 37 7-392.

The purpose of this paper is to exam!ne the question of the utiiity of the compound

evoked potential as a sigo of perceptual expcrience. A discussion is presented of the origin of the
peripheral nerve compound action potential and the brain potential evoked by impulsive stimuli.
Some of the recent literature on the potentials from human Ss is considel-ed to determine what
progress has been made in correlating these electrical signs with psychophysical responses. It is
concluded that while certain suggestions have been forthcoming, both denying and affirming the
relat;on, the evi0ence is still inconclusive that sirmple correspondences exist between the two.

1200 Uttai, W. R. Evoked hrain pottntials: Signs or codes? Perspectives in Biology and Medicine,
1967, 10. 627-639.

* The main point that, I hope, has been conveyed by this essay corcerns the
philosophic notion of the nature of a code. It seems inadequate at the present time to discuss
physiological signa.ls in terms, of simp~e correlations. To do so retains, longer than it so deserves,
the dualism of parAdic!ism or psychoneural isomorphism. Rather, an analysis of the specific ways
in which these signals might be related to the behavior of which they are concomitants is an
important theoretical framew.'ork which potentially can guide the work in this rapidly developing
and importont field. A further analysis of correlates into either stimulis or systemic codes or
signs seems appropriate in the context of current research. nodes are defined as signals which are
sufficiently associated with the related behavior so that we may assume a monistic identity. A
stimulus I is defined as a fluctuation in the signal which is a function of the stimulus but
which can be shown to have no effect on the related behavior. Systemi igns are fluctuations
produced by non-stimulus conditions which are also only indirectly related to the behavior.
Special care must be taken to avoid confusion of codes and systemic signs which are mediated via
some intermediate m(ucha•nsm, of unknown significance.

A complete distinction between a code and a sign requires tests both of necessity
and sufficiency and may, indeed, be a most formidable, though not inconceivably difficult, task.

I submit thaL the most effective and logically sound sufficiency test available to us now is a
psychophysical test of the discriminability of neural patterns rather than the usual
electrophysiological experiment,

1201 Uttal, W. k., & Cook. L. Systematics of the evoked somatosensory cortical potential: A
psychophysical-electrophysiological comparison. Annals of the New York Academy of
Sciences, 1964, 112, 60-80.

1. The evoked somatosensory potential was studied by an averaging technique and,

although reliable results were recorded 1'rom individuals, wide ranges of individual differences
were found among the various subjects studied.

2. A response type was selected in which all components were present ind
sufficiently resolved to be irdependently measurcd. This typical evoked potential was a
combination of what appears to be three basic waveforms which we have called M, N, and 0
waves.

3. A "saturation" phenomenon was discovered which complicated the issue of the
coding of sensory intensity when these results were compared to analogous psychophysical data.
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4. Sequential interactions from temporally separated ipsilateral stimuli were showit
to exist in the form of an extended refractory period.

5. No interaction could be detected between stimuli presented to opposite sides of
the body.

6. Psychological studies confirmed that the'e was no interaction between stimuli
presented to opposite sides of the body.

7. Sleep was shown to affect the M and N waves in only trivial ways, while the )
wave was completely abolished by sleep.

8. As usual, the exploration of this new area has led to masiy unanswered questions.
The preliminary nature of our results and the limitations of the evoked pot.-ntiaI tec•inique
emphasizes the large amount of -esearch which is yet to be done in this area.

i
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122Vaida, i., St Palinote, M. Studiul influentei coriditijlor dt microclimat in activitatea
operaitcrilor diin termocentrale. (A study of the effect of microclimatic conditions on the
work of operators in therma! power stations.j zej 1970, 19, 6-666.

The influence of environmental conditions on perceptuaP performance was studied
in the operators work:ing at the control panels in two tbermotlectricai power plants (92
employees).

The latency periods of the reflex motor reactions to serial sonorous and photic
stimuli and critical flicker ftl.-ion frequency were recor.~ed dynamically in the course of the shift,
carrying out parallel investigations on the microclimiate factors and therrno-regulation function
ývolurrw. of pt~rspirAtion and Akin temperatur e).

Thie reiults showed that the force of the excitation process and the lability of the
central nervous system tended to diminish towards t'he end of the diiy's work; these changes were
mi~re significant in the warmer, boiler and turbine sevtkin than ini the~ control section where the
conditions wtre close to the comfort zone. The tendency towards inhibition was more marked
whese air temperatures were higher anid the heat szri'in more intense.

V The results of the inviLstigations concerning the influence of env'ironmental heat on
the capacity for perceptive work show th2- ncv.essity of measures to maintain and improve the

stw f bgianr~e during survey and control work at the control panels.

i~oe Vaughaik, H. G., Jr. The perceptilal and physiologic signific~knce of visual evoked responses
recoirded from the scalp in man. Vision Research, 1q66, 6 (Suoplement, Clinical

Electroretinograph), 203-223.
Evoked response studees in man linked with behavioral observations should provide

valuable guidelines for thie neurophysiologic analysis of the complex aspects of experience and
behavior. Neurophysiology, despitet recent advances, is tied to the study of neuronal processes a
few mnilliseconds and a few synapses beyond the -eceptor. Perceptual, cognitive, and motor
pra:- sses extzrid to senieral hundreds of milliseconds at the least. Data provided by evoked
responses concerning the spatiotemporal distribution or "chronological localization" of neural
processes associated with experiericc and behavior, may, point to the appropriate areas for
microelectrode studies.
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lgi4 Vaughan, H. G., Jr. The relationship of brain activity to scalp recordings 3f event-related
potentials. In E. Donchin & D. B. Lindsley (Eds.), Aver evoked potentials: Methods,
results and evaluations. Washington, DC: US Government Printing Office, 1969.

I have sketched the lines along which research on brain electrophysiology may
provide data linking the cellular mechanisms underlying experience and behavior with gross
electrical phenomena (ERPs) which may be observed directly during appropriate psychological
experimentation. There are many who question the value of research which records
macropotentials from the scalp of man or the brain of experimental animals. There is a current
vogue for microphysiology which discounts the importance of the grosser neurophysiological
phenomena. Nevertheless, there is a large gap to be traversed between, the behavior of individual
neurones in striate cortex and the perception of form. Large areas of brain, most of which remain
unexplored by the microelectrode, must function in concert to produce the simplest visual
experience. Where are these areas? When within the span of perception should we seek the
relevant neural events? Some answers to these questions already emerge from the study of the

ERP in man. In the visual modality, the VER has permitted us to define cortical events
specifically related to geniculocalcarine input to striate cortex (Vaughan and Katzman, 1964;
Vaughan and Gross, 1966); to brightness perception (Vaughan and Hull, 1965; Vaughan, 1966);
to spectral sensitivity and othe.r aspects of foveal vision (DeVoe et al., 1968); to the suppression
of pattern vision during saccadic eye movements (Gross et al., 1967); to metacontrast suppressik'n
(Vaughan and Silverstein, 1968); and to motor responses to photic stimulation (Vaughan et al.,
1965a, b). None of the direct quantitative correlations that have been possible in the human
subject have been obtained, to my knowledge, with microelectrode recordings in experimental
animals. Although feasible in principle, concurrent behavioral and physiological studies in animals
are substantially more difficult than comparable studies in man. Human subjects may readily
modify their behavior in response to instructions and may be studied repeatedly and extensively
under a wide variety of conditions. Although animals may be trained to a wide variety of specific
tasks, they possess neither the flexibility of tae human subject nor his unique cognitive abilities.
The latter, in addition to providing convenient means of experimental manipulation, offer the
greatest challenge to 3n understand'ng of brain mechanisms. Although beyond our present
experimental ken, the linguistic abilities of man must not be dismissed arbitrarily from the realm
of behavioral neurophysiology. Similarly, the phenomena of consciousness, long banished from
psychology, cannot be ignored in any attempt to comprehend the physiological basis of
perception, cognition, and effect. The myth that only externally observable motor behavior can
accurately reflect psychological processes has been demolished by observations of brain responses
directly correlated with subjective perceptual variables.

1i20 Vaughan, H. G., Jr., & Costa, L. D. Analysis %' electroencephalographic coorelates of
human sensori-motor processes. Electroencephalogra~h_ and Clinical Neurophj--iolouy,
1968, 4, 288-289. (Abstract)

We have found that the slow negative shift preceding motor responses (the CNV or E
wave) possesses a somato-topic localization consistent with its generation in motor cortex. Its
properties suggest that the CNV is identical to the early portion of the mo;or potential and
represents a cortical correlate of preparatory motor set.
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1206 Vaughan, H. G., Jr., Costa, L. D., & Gilden, L. The functional relation of visual evoked
response and reaction time to stimulus intensity. Vision Research, 1966,§, 645-656.

Latency of the average visual evoked response (VER) and motor reaction time (RT)
were studied as a function of stimulus intensity for brief photic stimuli subtending 40 and 1.5°
of visual angle in two subjects. Both VER latency and RT showed an accelerating increase for
each tenfold diminution in intensity down to the region of foveal threshold. Below foveal
threshold no responses were obtained for the 1. 50 stimuli; there was an inflexion in the VER
latency and RT curve of responses to the 41 stimuli. Over the photopic ran!, of intensities, VER
latency and RT were closely described by power functions varyin '.., exponent from -0.29 to
-0-44. The values for VER were -0.36 for the 40 stimuli a-r' -C-40 for the 1 S0 stimuli, which
were significantly different (p (0.01). Although latency of VER was the same for both subjects
for each stimulus condition, RT showed a consistent difference between subjects of about 25
msec. RT is considered to be determined by at least two independent mechanisms. The first,
retinal in location, follows a power function of intensity; the second is related to variability in
efferent processes.

1207 Vaughan, H. G., Jr., Costa, L. D., Gilden, L., & Schimmel, H. Identification of sensory and
motor components of cerebral activity in simple reaction-time tasks. Proceedins o._f th
73rd Annual Convention of the American Psychological Asscxiation, 1965, 179-180.
(Abstract)

By comparing the absolute latency of the evoked response and the motor potential,
the central delay of simple RT was estimated. This was found to vary frum trial to trial between
20 and 60 mst.. It is considered likely that factors such as attention and arousal level influenced
specifically this componentof R [-.

Modality and intensi1fy of stimulation appear to affect predominantly the afferent
limb of the sensorimotor prrxes., while efferent time depends upon the distance from cortex to
responding muscle. In the pt'ciert study the relative prominence of these components varied
significantly as a function of st-mulus and response conditions. Further application and
refinement of these methods should permit definition of the spatial and temporal distribution ofthose electrical correlates of sensorimotor processes which are recordable from the convexity of

the human brain.

12Oo Vaughan, H. G., Jr., & Hill, R. C. Functional relation between stimulus intensity and
photically evoked cerebral responses in man. Nature, 1965, 206. 720-722.

It is concluded that the expression 1/(t - to) = L0 -93 , where to represents minimum
latency of a given component of VER defined separately for photopic and scotopic vision,
satisfactorily depicts the psychophysical relation between stimulus 'uminance and subjective
brightness over the range within which reliable measurements of VER latency may be made.
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1200 Vaughan, H. G., Jr., & Ritter, W. The sources of auditory evoked responseb recorded from
the human scalp. Electroencephaliraphy 114 Clinical Neurophysiology, 1970, 2.,
360-367.

The scalp distribution of auditory evoked responses (AERs) was studied in six
normal subjects and in four patients who had undergone carotid atigiography. The late (200 msec)
component to regular stimulation showed a polarity inversion across a line overlying the Syivian
fissure, being positive above and negative below it. The observed distribution, when compared
with that predicted from a multi-shell volume conductor model, was most consistent with dipole
layer sources within the primary auditory projection cortex in the supratemporal plane. AERs to
monaural stimuli wcre larger over the contralateral hemisphere, also supporting their specific
origin. In contrast, the longer latency (300 msec) component appearing in AERs elicited by
infrequent aperiodic stimuli possessed a different distribution consistent with its origin in
parieto-temporal association cortex. It was possible to differentiate the -nyogenic post-auricular
response, which possessed a quite circumscribed distribution, from the early AER components of
intracranial origin whose distribution was similar to that of the 200 msec component.

iic Vaughan, H. G., Jr., & Ritter, W. Physiologic approaches to the analysis of attention and
performance. In S. Kornblum (Ed.), Attention and performance IV. New York & London:

Academic Press, 1973.

By averaging the brain potentials related in time to stimuli and to motor responses,
the timing and localization of neural processes underlying simple and complex sensorimotor
sequences can be studied in man and in experimental animals. These "event-related potentials"
(ERP) have been classified as sensory-evoked potentials (EP), motor potentials (MP),
association-cortex potentials (ACP), and steady potential shifts (SPS), each with a characteristic
temporal course and intracranial origin. The present limitation of definitive information oki the
quantitative relationship of EkP with underlying neuronal processes and with psychological
variables mi.t dictate great caution in relating them to complex psychological constructs such as
attention. Physiological attempts to demonstrate modulation of sensory input associated with
selective attention have been largely unsuccessful. This failure reflects an unduly constricted
conceptual formulation of aý.ention as well as inadequacies of earlier experimental approaches.
Effective physiological approaches to the analysis of attention will require knowledge of the.
higher order cerebral mechanisms which underlie cognitive processes.

1211 Vaughn, A. 0., & McDaniel, J. W. Electromyographic gradients during complex visual
discrimination learning. Psychonomic Science, 1969, 1., 203-204.

Muscle activity levels during cognitive and motor periformances recorded from
various electrode placements have, in several studies, been shown to follow rnooto~iiially rising
gradients throughout the experimental task. A complex match-to-sample visual discrimr !naion
task employed in this study demonstrated not only a tonic neuromuscular adjustment during
performance, but also the occurrence of phasic shifts in activity corresponding to orienting
reactions. These phasic responses tend to habituate rapidly with repetitive performance, and are
rarely identified in overlearned Ss.
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1gMJ Veen, W. J. Van, Knott, 1. R., Peters, J. F., Miller, L. H..&Cohen, S. I. CNV Shape
differences and perceptual m.de. Electroencephalography and Clinical Neurophysiolouv,
1973,.Suppeineit 3_3, 327-328.

Previous studies using peak amplitude scores of the CNV have shown that this may
vary asafunctionof length of i.s.i. (McAdamsetal. 1969), quality of theimperative stimulus (Irwin
et al.196o), response called for (Rebert et al. 1967), and anxiety levels (Knott and Irwin 1968).
However, :n the present analysis. the shape of the CNV during the i.s.i. yields results obscured by
sing.e value scores. Shape appears to be a useful measure, and it should be included in future
investigatiuns of CNV and its determinants.

1213 Velden, M., & Juris, M. Perceptual performance as a function of intra-cycle cardiac
activity. Psychophysiolor", 1975, 12, 685-692.

The purpose of the experiment was to Lest the hypothesis of a systematic change in
perceptual performance within a single cardiac cycle due to the activity of the baroreceptors in
carotid sinus. As an icdex of perceptual performance the d5-parameter from signal detection
theory (TSD) was used. A 1000 Hz sine tone had to be detected in a background of white noise.
Each of 4 subjects received on the average 4605 noise or noise plus tone stimuli distributed over
10 experimental sessions. When comparing performancc during time intervals before and aftcr
baroreceptor activity onset no significant difference was found. Also, when tiacing perceptual
performance over the whole cardiac cycle in steps of 66, 100, and 200 msec, no systematic
variation could be detected. For steps of 33 msec a rhythmic pulsation of perceptual
performance of abeut 8 Hz appeartd. An influence of electrical activity of the brain on
perceptual performance was postulated. This activity would have to be time-locked to carotid
sinus baroreceptor activity.

1214 Verschoor, A. M., & van Wieringen, P. C. Vigilance performance and skin conductance.
Acta P•scholoqica 1970, 33, 394-401.

The relation is explored between vigilance performance and skin conductance level.
A -ticn is made between good and bad detectors. During the watch, performance and skin
conductance of the good detectors remain constant; the bad detectors show a decrement on both
variables. A second experiment is reported with a more complicated signal presentation (two
types of signals). In comparison with the simple detection task (one type of signals) there is no
difference in skin conductance, while detection and RT show less decrement in the more
complicated task.

1215 Vettes, B. Evaluation de la charge de travail des pilctes d'helicopteres enregistrements en
vol de la frequence et de !a variabilite du rythme cardiaque. I Evalua ion of helicupter pilot
workload by in flight recording of heart rate frequency and variability.] In K. E. Klein
(Ed.), Studies on pilot workload. AGARD Conference t•print, No. 217, 1977. (Available
frcm: National Technical Information Service, 5285 Port Royal Road, Springfield, VA
22151

Cardiic variability zppears zu be a better criterion than instantaneous cardiac
frequenicy. however, it is not yet possible to affirm a close relationsh-; between these parameters
and fliont work lo.,J.
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1216 Vogel, W., Broverman, D. M., & Klaiber, E. L. EEG and mental abilities.
Electroencephalography and Clinical Neurohysioloy. 1968, 4, 166-175.

EEGs were recorded during rest and during periods of mental effort in two samples
of normal young adult males. Relationships were investigated between EEG slow wives, alpha
index, alpha frequency, beta index, and beta frequency, and three separate indices of mental
ability: (1) general level of mental ability; j2) the Automatization Cognitive Style, defined as
greater ability (strong automatization) or lesser ability (weak automatization) to perform simple
repetitive tasks than expected from the individual's general level of mental ability; and (3)
performance on intellectual tasks while the EEG was being recorded. Principal findings were that
(1) slow waves and slow Alpha frequencies were positively associated both with automatization
ability and with efficient cognitive performance under conditions of mental effort; and (2)
Automatization Cognitive Style was inversely related to beta index during periods of mental
effort. These results were interpreted as providing evidence of stable and meaningful relationships
between mental abilities and neurophysiclogicai events as reflected in the EEG.

1217 Volavka, I., Matousek, M., & Roubicek, 1. Mental arithmetic and eye o,)enirg: An EEG

frequency analysis and GSR study. Electroencephalozraphj and C'linical Neurvphysiology
1967, 22,174-176.

1. Twelve healthy subjects were examined. EEG and GSR were taken when the
subjects were resting with their eyes closed (C), resting withtheir eyes open (0), performing
mental arithmetic with their eyes closed (A), and performing mental arithmetic with their eyes
closed and promised financial reward (M).

2. The number of GSRs in condition M was significantly hightr than in any other
condition.

3. Frequency analysis was made of the EEG of the right parieto-temporal region and
the number of GSRs was ascertained according to precisely specified criteria.

4. In condition 0 relative quantities were on the average lower in all frequency
bands than in conditions A and M.

5. In conditions 0, A and M theta and alpha activiities registered i lower level than in
condition C.

6. In condition 0 beta activity decreased, while increasing on the average in
conditions A and M.

7. Compared with coiditions C and 0, the variability of beta activity in conditions
M and A was lower.

8. Frequency analysis did not disclose any significant difference between conditions
Aand M.

9. The results indicate that beta Activity (both its amount and variability) is more
closely related to the general level of activation than are the brain waves in any other frequency
band under study.
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12116 Wallefstein, H. An electromyographic study of attentive listcning. C.aa JiournaJ .Qf
f b 1954,1,228-238.

In an experiment designed to investigate muscular activity during sustained
attention, two groups of subjects were requested to listen to three successive presentations of a
recorded detective story and philosophical essay.

Results showed rising gradients of tension from forehead and chin throughout the

course of listening. Listening to the story tended to produce increases of greater magnitude than
did listening to the essay. Forearm muscles failed to show any clear variations during listening.

The rising gradients of muscle tension may be associated with increasing
comprehension or organization of incoming verbal material - organization which may take place
during attentive listening.

MM Wal, E. G. 'Visual attention' and the a-rhythm. i.i.'ril Qf 2hvsioM, 1953, 20Q,
155-159.

1. The ability to recognize patterns consisting of 1-10 luminous dots presented
tachistoscopically did not appear to depend on the amplitude of the 0-rhythm.

2. The amplitude of the a-rhythm when the subject concentrated on counting clicks
did not differ significantly from the amplitude when he concentrated on counting flashes.

3. The term 'attention' is ambiguous. The results do not lend support to the 'visual
attention' theory.

1% Walter, G. F., & Porge%, S. W. Heart rate and respiratory respon, -s as a function of task
difficulty: The use of discririnant analysis in the selection of psychologically sensitive
physiological responses. Psychohvygigoo, 1976, 1j, 563-511.

The relationship between physiological response patterns and task difficulty was
investigated by evaluating heart rate and respiratory responses during a choice reaction time task
with three levels of task difficulty. The data fit a two-component model of attention containing
reactive and sustained responses. There were two reactive responses: An immediate deceleration
which was independent of task manipulation; and a short latency response, monotonically
paraleling task difficulty, which was characterized by acceleration and an ircrease in heart rate
variability. The sustained component exhibited task dependent decelzration and z generalized
reduction in heart rate variability and respiratiin amplitude variability. A stepwise discriminant
analysis was performed on the task conditions using physiological responses to determine
respunin sensitive to task demands. Physiological response patterns were rrnotonically ordered
a- a function of task difficulty, suggesting that this technique may have advantages for
determining physiological response% most sensitive to psychological nManipulation.
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1921 Walter, W. G. The contingent regative variation: An electrocortical sign of significant
association in the human brain. Science, 1964, L4&, 434. (Abstract)

This Contingent Negative Variation (CNV) reflects the probability of signal
association as estimated by the subject and is independent of stimulus amplitude or energy. It is
parti; larly large and consistent when the stimuli are pu.ely semantic, provided that they are
meaningful to the subject and that some decision or action is required.

1922 Walter, W. G. The convergence and interaction of visual, auditory, and tactile responses in
human nonspecific cortex. Annal 9f th Nw York adem of Sciencs, 1964, 112,
320-361.

The eight or s' properties of evoked responses in nonspecific cortex described above
provide what may be c'led an operational specification for the input circuits of a learning
machine. They may be considered in two groups. The first includes the four features which
relate to the preliminary operations on all afferent signals irrespective of their context:
Dispersive Convergence, Modality Signature, Idiodromic Projection, and Differentiation. Since
these mechanisms are concerned with the extraction of meaning from sensory stimuli, these
preliminary processes may be thought of in linguistic terms as specifying the orthography of the
cerebral code, the established procedure and accepted abbre-iations for signals from all sources.
The second group of properties, Habituation, Contingent Amplification, Contingent Attenuation,
Unconditional Restoration, specify the conjugation and syntax of signals according to their
context and destination.

1223 Walter, W. G. Slow potential waves in t'ie human brain associated with expectancy,
attention, and decision. Archiv f& Psvchiatri und ZeitschrifJ LC dic z.a. N.rgLe
1964,20, 309-322.

1. Stimuli in any modality evoke responses over wide regions of frontal non-specific
human cortex.

2. When identical stimuli are monotonously repeated thee responses diminish
irregularly and finally disappear.

3. Whten the significance of the association between conditional and imperative
stimuli is diluted by presenting a proportion of unreinforced conditional stimuli (equivccation)
the E-wave is diminished accordingly and in normal adults vanishes when the probability of
association falls to about 0.S.

4. Stimuli involving no energy transfer to the subject but with a high information
content evoke E-waves as long as the subject cosisders the signals interesting and important,
whether they are isolatod, imperative or conditio'r.

S. The E-wave seems to indicate the subjective sgifnicance assigned by a particular
person to the signal association or 'rGestalt" vwed for th- experiment. The signoficance thus
determined ;ncludes the need for recognition or decision, and involves social as weBl as
physiological influences.
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INN Walter, W. G. Brain mechaniaims and percoption. Adtz IMDA~ sMf EbylI~igh gi .
19.*- Z, U1 -9.

Considered in terms of perception. these observations mwjest several conlectures.
First, the importance of someth~ng like act la by the perc ipient is empilasised. We can Mni r say

something like' because. although the simplest altuation and the clearest reswlis are seen whenI
ftc wibject actually porfornu a motor act, such as pressing a button or speAking, the E-Wave

v v~gows anod declines with varlationi In what seem to be purely mental aictivitiae, as when we work
with pictures. We niust recall that we have no way of telling whether t~he subject ha* 'perceived'
the picture unless he performs sa action, but we can foretell from the form of his brain
responses whether he will report percaption at the end of the ruzn. We can even cstimate the
accurv~y of his perception if this is an essential paw'S of the situation, or his intrinsic interest in
the figure if there is no specific problem to be solved. Second, in all the experiments described,
the establishmerrt of a percept seems to depenid directly on the statistical relation ol the
components. This is illustrated mo-st clearly perhaps in clirical studies where the patient is unable
to manag living in the outsilde wowid, in such people the statistical computer in the brain serms
to be badly programmed, so to sn. Ausociations which are highly significant and helpfui io
normal ~peý evoke no interaction of brain rciportses, in such patients, they are peeoccupied
with fear or compulsve timughts anid fail to perceie what "aem to most of us quite obvious,
relations. The third factor, which raises many exciting poisibities, is the enormous power of
what I havw called 'social influences' in the ettaiblihment of brain interactions. Here agai, this is
most eviident in children anid disturbed patients, but even in healthy yosing adults a single phrase
or pesture may be moae effective in the consolidation or dissolution ua an E-Wave than 20 or 30
direct experiences, This is oily common sense, of course - education involves just this
combibnation of instruction, explanation, reamsrance and admonition with the provision of
suitably contrived direct experience -but Ohe recoguition of such procesm in the brain should
open isp an entirely new realm of exploration.

11=1 Walter, W. G. Brain responses to semantic stimuli. loMe~ gf ft Ib mgiCa Research

These observations confirm that the responses evoked in the anterior brain regions
by sensory stimuli are depen denit on the subjective significance of the experience as a whole rather
than an the intensity of the indiviidual stimuli. The technique by which these responses Cn be
exurated from the background activity of the E.E.G. Zmposs some limitations on the procedure
since the operation of the. Paponse compiuter must be synchronised electrically with the
presentation of the stimuli. Furthewmore, the computation of an average depends on the
collection and stora~p of several responses Wn the features of the in~dividual trials are therefore
effaced just as the random components are. For this reason these experiments were designed so as
to provide situations in which twelve expostrn could be made in a given cateoryv sucI, as "all
figures identical" or "figures vaied". The clear differences seen bet ween the responses in such'
conditions show that the phys~olagical processes are influenced by the "scu'* or attitude oi the
uibject as well as bV the selective information contained inu the oblective presentativms.
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" Walter. W. G. Effects on anteior brain responses of an expected association between
stimuli. I _2f fte omtic R h 1965, 2.4549.

The neurological mechanisms involved in the contingent habituation of the
moensrs in anaeior cortex to associated stimuli were investigated. Using direct coupling and
qu •al scalp electrodes, electronic averages were made of E.E.G. records. It was shown
that the apparent attentuation of the negative variation in the response to the second stimulus
was a *w pnc of this response H a slow negative wave of expect, ncy bctween the two
stimuli. It is concluded that such expectancy waves occur in anterior cortex between all
amoiated stimuli when contingent habituation is present.

17 Wakts, W. G. Electrophysloloic contributions to psychiatric therapy. Current jjjjjjjo
Th19". , 13.25.

A portion of this paper reviews the relation of CNV to a number of cognitive
proceses in normal subjects.

Mill Walter, W. G. Expectancy waves and intention waves in the human brain and their
application to the direct cerebral control of machines. Electroencephalograph, and Clinical
Nowg shyiol . 1966, 1 616. (Abstract)

The affect first described as the Contingent Negative Variation or CNV and
sometimes known as the Expectancy Wave can be recorded consistently from all normal adult
subiects. The mental state in which the E wave develops is compounded of readiness, motivation,
attention and expectancy and the potential ise is terminated by recognition, decision, action and
consummation, The sigals needed to initiate and terminate the E wave can be purely semantic, in
the form of words or pictures, and the engagement of the subject need involve only a mental
change.

Averagig with suitable timie-delays from tape records has confirmed the observation

of Kornhuber that a similar Readiness or Intention Wave appears a second or so before a
spontaneous voluntary decision or action, but this also need not involve a physical movement.
When the voluntary act is arranged to provide an experience (such as the appearance of an
interestini picture) the Intention Wave persists through the action until the picture appears. The
intention Wave, suitably amplified and filtered, can then be made to trigger the projector and
computer directly so that the subject has the desired experience before any action has been
taken. Similarly, an Expectancy Wave can be made to initiate or arrest an imperative stimulus
directly, thus by-passing the operant effector system.
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1229 Walter, W. G. Electrical signs of assoc!ation, expectancy and decision in the human brain.
Electroence. alograDhv andj ( ,lJn Neurophysiolouv, 1967, Supolement 2, 258-263.

In normal subjects sensory signals reach frontal cortex by a process of "idiodromic
projection" to establish a "dispersive convergence".

Responsei evoked by monotonous stimuli decline steadily unless the character of

the stimulus is changed in some way.

-,' When paii eu stimuli are presented and a normal subject is asked to respond in some
way to the second stimulus, the primary responses to the first stimulus are augmented and a new
electrical effect appears in the brain during the period between the first ("conditional" or
warning) stimulus and the second or "Imperative" 3ne.

"This new effect has been called the contingent negative variation (CNV) or

expectancy wave since it reflects the extent to which the subject expects the association between
signals to be significant and intends to respond to them.

In normal subjects the CNV is quite constant but follows variations in mood and
attitude; it terminates abr.ptly when the decision or action is completed.

In concitions of acute or chronic stress, including equivocation in normal subjects or
anxiety states, obsessional neurosis, psychopath- or hysteria in patiznts, the development of the
CNV is correlated with the type and degree of mental disorder. Patients who fail to establish
;elevant associations show little or no signs of a CNV. In cases of anxiety the CNV can be
promoted by reassurance and exhortation, but this is not effective in psychopathic states. In
compulsive-obsessional patients the CNV tends to persist far beyond the moment of action or
dccision. Such observations suggest that abo,-•ce of the CrNv can be due to endogenous
distraction. In cases of chronic anxiety, relief by intracerebral selective coagulation is
accompanied by re-appearance ot'f he CNV and reduction in autonomic excitement.

12M Walter, W. G. Slow potential changes in the I -n brain associated with expectancy,
decision and intention. Ellectri)encephalograp nica 1HeurLopsio•2•,, 1967,
Supplement 2 123-130.

The Contingent Negative Variation or Expectancy Wave appears in noimeal peopIL
whenever a warning or conditional stimulus ik followed by an event which ,s expected to involve
an action or decision. This event may be a second imperative stimulus or a mor ,nt when a
dec~sion must be taken, Neither external sensory stimuli nor overt motor acts are essential tor the
appearance of an E wave. The potential difference arises in the superfici•.l layers of the pre-motor
frontal cortex. It i;, reduced by equivocation anid boredom, increased by exhortation and
.ometimes by competition. The E wave can dtcvelop in 0.5 sec and persist for 20 sec if the subject
is highly motivated. It is not dependent on stimulus modality or intensity, and may be readily
evoked by semantic, pictorial or verbal signals involving no energy cxchange.

The Bereitschaftspotential or Intention Wave (f Kornhuber aiid Deecke seems to be
similar in '-any respects to i;.- E wave, arisingfrom congruent res.ions abou; 1 se'c bef')re a
voluntary action but persisting, tntil the result of the act;)n expected by the sRbjett has been
achieved.
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Both the E wave and the I wave car be used to operate computing and stimulating
mnchipery directly through 'udicious filters and trigger circuits. In this way a subjec. can learn to
obtain a desired experience at will, without physical action.

The properties of these slow poten]ýal changes suggest that they may reflect the
mechanism whereby ceretral resporpses to senso,, s:gnals are Integrated, correlated with internal
memory stores and translated into relevant decisions or actions.

1231 Walter, W, G. The contingent negative variation: An electro-cort:cal sign of sensori-motor
reflex association in man. In E. A. Asratyan (Ed.), Progress in brain research. Vol. 22 Brain
reflexes. Amsterdam: Elsevier, 1968.

(1) When paired stimuli separated by about 1 sec, In any combination of modalities,
are presented to a human subject who intends to act in some way in response to the second, a

* slow surface-negative wave appears in frontal cor.ex.

(2) "shis effect has been designated the Contingent Negative 'Variation (CNV); it
reflects the probability of association c(f the stimuli and the intention to respond on the part of
the subject.

(3) Extinction by withdrawal of the unconditional or 'imperative' stimulus results in
a slow decline of the CNV to zero over about 20 trials.

(4) When the subject is warned beforehand that the imperative stimuli are to be
withdrawn the CNV disappears at once.

(5) Dilution of the probability of* association by partial reinforcement
('equivocation') produces a decline in the CNV which follows the subjective probabiiity as
estimated by the subject.

(6) If the subject decides not to act on the imperative stimulus the CNV disappearsat once.

(7) A purely mental response such as estimating a time interval or making a decision
is -.nough to establish a CNV provided that the subject is interested and involved.

(81 A 'negdtiv,.' stimulus such as the cessation of a tone and a 'negative' response
such as stopping pressure on a button are also adequate for the development of a CNV.

(9) The CNV is considered as the major outward sign of frontal cdendritic
depolarisation *n any situation in which some cerebral action can be accelerated and simplified by
conditional learning.
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1232 Walter, W. G. Can 'attentions' ý,c :'i•t' •, , ;'.:,•ical terms? In C. R. Evans & T. B.
Mulholland (Eds.), Attention in n.-roohA_'c.%,. ,don: Butterworths, 1969.

Returning to the general question of whether 'attention' is a concept which can be
defined in physiological terms or is a semantic dragon, we can see one possibility at least. If we
start by considering what can actually be observed and measured in physiological experiments,
the diversity of brain re.pones, although large, is not infinite. We can identify a finite set of
response patierns, each elated to a relative parameter of the sensory signals. Unfortunately, the
specification of this set n ust include regional characteristics as well as voltage-time dimensions so
that a single measure will raiely be adequate.

1233 Walter, W. G., Cooper, R., Aldridge, V. J., McCallum, W. C., & Winter, A. L. Contingent
negative variation: An electric sign of sensorimotor association and expectancy in the
human brain. Nature, 1964, 20, 380-384.

A series of experiments has been performed to investigate the effects on these
components of varying the probability of association between the conditional and imperative
stimuli, and also the influence of variations in effector participation and mental attitude. The
effects of direct suggestion under hypnosis have already been described.

ine non-specific responses to conditional stimuli usually consist of three main -

components: a brief surface positive wavw, a brief surface negative wave superimposed on this,
and a much more prolonged surface negative component which may last several seconds,
particularly in children. The details of the first two components depend somewhat on the
modality, the responses to auditory stimutli being usually larger, simpler and more consistent than
those to visual or tactile stimuli. The features which seem most closely related to the contingency
of the situation and to the attitude of the subject are the prolonged secondary negative waves and
their interaction with the subsequent responses to imperative stimuli.

1234 Walter, W. G., Cooper, R., Crow, H. I., McCallum, W. C., Warren, W. J., Aldridge, V. J.,
Van Leeuwen, W. S., & Kamp, A. Contingent negative variation and evoked responses
recorded by radio-telemetry in free-ranging subjects. Electroencephalographv and Clinical
Neurophysiology 1967, 23, 197-206.

1. The initial responses and CNV during the reception of paired auditory signals
were similar to those seen with direct connection, provided that tCe subjects were engaged in
some task related to the signals. The CNV was attenuated during exercise or conversation only
while the subject was inattentive to the signals.

2. The amplitude of the intracerebral responses to the conditional and imperative
stimuli in the patients with implanted electrodes was reduced when the scalr CNV was
attenuated by isolation or distraction.

3. During the performance of fairly complex tasks following the auditory signals, the
CNV terminated only at the completion of the task, not at the moment of muscular effort.

4. The radio-control link was also used to instruct an exnerimenter when to toss a
ball to a subject or to feint. In this situation also the CNV developed only when the subject was
sure the ball was in the air and terminated when it was caught.

5. These observations suggest that the interactions of evoked responses and CNV
seen in laboratory conditions aiso accompany normal act,..ty ard the performance of everyday
tasks.
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ilge Wa'ren, L. R., & Harris, L. J. Arousal and memory: Phasic rmeasures Jf arousal in a free
recall task. Acta Psychoogica, 1975, 2, 303-310.

EEG alpha activity and skin potential were mr#nitored during word presentation in a
single trial free recall task. Phasic changes in EEG alpha and skin potential, c,-occurring with
word onset, were positively related wo recall at an inmedite retention interval (7 min) but not
after a delay (45 min). The results were interpreted 3,s vpporting th• extension of Routtenberg's
(1968) two-arousal system hypothesis to human memory. Arzusal wa. viewed as affecting
memory during the attribute encoding stage of memory storage.

126 Wartna, G. F., Danev, S. G., & Bink, B. Heart raie variability and mental 'oad. A
comparison of different scoring methods. Pflugrs Archiv, 1971, 3 262-263. (Abstract)

As part of a larger psychophysiological study on the relative contribution by each of
several aspects of mental work to the functional load of an individual, an experiment was
conducted in which the relation was studied between loading of the identification mechanism
and functioning of the cardiovascular system. Ten Ss performed an eight choice reaction task
under two experimental conditions: they had to respond either in a compatible way or in a
random manner. In both conditions the motor component of the task was the same.

The results turned out to be in accordance with the hypothesis that loading of the
identification mechanism ind,.,;., a change in some aspects of the cardiovascular functioning
irrespective of the physical load caused by the motor part of the task. The variability of the heart
rate as expressed by the standard deviation of the R-R intervals, is suppressed by 9% ( p < 0.05),
while the irregularity as expressed by the number of waves in the cardiotachogram increases by
15% (p<O.01). The level of heart rate as well as the HR variability as expressed by measures
based on diffcrences between successive R-R intervals remain the same. The conclusion is drawn
that as long as the specific control mechanisms underlying specific changes in certain aspects of
the cardiovascular functioning are unknown it is advisable to use at least one representative of
each of the above mentioned four groups of parameters in this kind of studies.

1237 Wartna, G. F., & Dirken, 1. M. Vigilance tasksand level of activation: Theoretical
backgrounds and an orientational investigation. (in Flemmish) Leiden the Netherlands:
Netherlands Institute for Preventive Medicine, TNO, 1968.

The role of the human operator in complex man-machine systems is described in
terms of system design theory. Attention is given to the vigilance aspects of tasks in modern
industry. Several theories of vigilance are reviewed. The physiological and psychologicai
implications of a theory of activation are treated. Vigilance behaviour was studied in a
psychophysiological exneriment. Subjects performed a vigilance task under five different
conditions: heat, noise, knowledge of results, special instruction and a control condition.
Cardiovascular reactions were measured during task performance. In the final analysis neither
performance nor cardiovascular parameters showed significant diffeirences between conditions. The
subjects turned out to be the most important source of variation on tnese parameters.

1239 Waszak, M., & Obrist, W. D. Relationship of slow potential cnanges to response speed and
motivation in man. Electroencephalography and Clinical Ns , 1969, 27,
113-120.

1. Within subjects, the fastest reaction times were preceded by CNVs of significantly
larger amplitude ti an were the slowest responses. A comparable relationship was not found
betweer subjects.
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2, Reiction times were shorter, and the negative evoked potential to the warning
simulus had a significantly greater amplitude when the subjects were in a state of high
mot•ivation, than when they were urged to relax. Other potentials, including the CNV, did not
show this difference between motivational conditions.

3. Trials in which sublects were required to respond were followed by a broad
positve wave of moderate amplitude, whereas trials in which 'hey withheld a response were
followed by a short positive wave of much greater amplitude. The height of both potentials was
significantly correlated with mean reaction time across subjects.

i•a Waters, W. F., McDonald, D. G., & Koresko, R. L. Habituation of the orienting response:
A gating mechanism subserving selective attention. Psychophwsiolog , 1977, 14, 86-87.
(Abstract)

The purpose of this investigation was to determine whether performance on an
attention-demanding task laced with distracting stimuli would be enhanced if tie task were
preceded by habituation of the orienting response to the distractors. The task was a series of

simple mathematical problems to be solved from immediate memory; the distractors consisted of
a random sequence of numbers and mathematical signs (+,-,=). All stimuli were presented via a
prerecorded audio tape, the probk , by a male voice and the distractors by a female voice.
Ninety.seven male undergraduate subjects were sequentially assigned to one of four conditions: 1)
problems with distractors; 2) problems with distractors, preceded by distractors alone; 3)
problems with distractors, preceded by a series of control tones; 4) problems without distractors,
preceded either by distractors or by tones. Results clearly indicated that prior habituation of the
orienting response to the distractors was followed by significantly improved performance relative to
1) the no-prior-habituation condition, and 2) the prior-habituation-to-tones condition. One of the
psychophysiological measures employed, heart rate response, indicated that those subjects who
showed the greatest habituation to the distractors also performed significantly bctter in solving
the mathematical problems. The results are interpreted as supporting the view that selective
attention consists of at least two processes: 1) sensitization of orienting responses to salient
stimuli, and 2) habituation of orienting responses to irrelevant stimuli.

1240 Webb, R. A. The physiological concomitants of reaction fine performance as a funrtion of
preparatory interval and preparatory interval series (Doctoral dissertation, University ,f
North Carolina at Chapel Hill, 1966). Dissertation Abstracts, 1969, 29, 4879B. (University
Microfilms No. 69-10, 212)

Highly significant deceleration of heart rate, inhibition of EMG, and cessation of eye
movern, ts and blinks were found in the preparatory intervals (PI) just prior to the S's response.
Changes in all measures were highly related to each other. In addition there was evidence that
each measure was concomitant with reaction time perfoimance.. *he degrees of concomitance
were not equal, however, when estimated by different methods of analysis. All measures tended
to demonstrate similar patterns as a function of group and PI. Furthermore, an analysis of each
S's best and worst reaction time trials demonstrated that all measures tended to differentiate
good from poor performance within individual 5%. An across S correlational analysis indicated,
however, that the across S concomitance was not -is high and accounted for only a small portion of
the variance. The appropriateness of the various analyses was discussed.

The study did not provide a critical test of the Lacey and Obrist mudeis because at
the only point at which the manipulations eliminated the cardiac deceleration the reactivity on
the somatic measures was also greatly reduced. This finding does tend to lend credence to the
Obrist model. Several features of the data suggested that neither the Obrist nor Lacey mode!s
were aDolicable at the 2 sec Pi in the two regular groups. Finally, the results suggested a meth.•)d
for arranging a critical test of the Lacey and Obrist models by means of a drug study.
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1241 Webb, R. A., & Obrist, P. A. The physiological concomitants of reaction time performance
as a function of preparatory interval and preparatory interval series. PsvchoDhvsiologg,
1970, _, 389403.

The cardiac decelerztion which occurs during the preparatory interval (PI) of a
reaction time (RT) task was examined with reference to a facilitory feedback model in contrast
with a model which viewed the response as part of a somatic inhibitory response. Sixty-three
male Ss were run in three independent groups in an RT study. Two groups received 96 trials
(divided into blocks of 24) with PIs of 2, 4, 8, and 16 sec presented in a regular series
counterbalanced for order. The third group received the same number of trials of each PI in a
restricted random order. Heart rate (HR), chin electromyograph (EMG), eye blinks, and eye
movements were recorded as dependent variables.

Results indicated an orderly, time-locked decline in EMG, eye blinks ana
movements, which was closely concomitant with a deceleration in HR during the PI. With some
exceptions, the various measures demonstrated similar functional relationships with Group and PI
variables. The results failed to differentiate between the feedback and somatic inhibitory models
because the only combination of variables which eliminated HR deceleration also eliminated the
inhibitiot. of the somatic measures. This fact is consistent with the somatic inhibitory model, but
is neutral with respect to the feedback model. Different statistical methods for examining the
cardiac-somatic concomitance were discussed.

1242 Webb, R., Williams, F., & Minifie, F. D. E .s of verbal decision behavior upon
-iration during speech production. o.u£1ll -CIh and LhajU Bsearch. 1967, 1Q,
56.

This study tests the hypothesis that respiratory activity during induced silent
pausing decreases when the speaker is faced with increased demands upon decision behavior. Two
conditions, reasoned to impose restrictions upon the hypothesis, were manipulated in addition to
the variable of decision demand: (1) the grammatical environment in which silent pausing was
induced, and (2) the tevel of breath supply at the moment of pause inducement. Continuous
measures of breathing were obtained by use of a respirometer while subjects were performing an
oral reading task which involved - decision-making during a two-second induced silence. The j
breathirng measures were subsequently divided into eight quarter-second intervals for analysis.
Results indicated that the only outcome supportive of the hypothesis was in the last half-second i
of the "hold" period in the case of within phrase environments. Such results were independent of
the breath supply conditions. Further analyses indicated that lower mean values of air moved in
the increased decision demand condition were a function of fewer subjects breathing, rather than
of subjects breathing less.
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1248• Werts, T. C., & Lang, P. j. The effects of eye fixation and stimulus and response location
on the contingent negative variation (CNV). Bi2! ca bychoi , 1973, 1, 1-19.

Vertex and parietal cortical slow waves and horizontal and vertical eye movement
were recorded from 16 male subjects. Each subject was run in four constant-foreperiod reaction
time conditions, in which the location of the auditory stimulus (speaker position above or below;
to the subject's left or right) and the presence or absence of an eye focusing light was varied. Eye
movements were unrelated to stimulus location, but were correlated with thc position of the
response key. Eye fixation resulted in reduced eye movement; however, it markedly reduced the
cortical potential (CNV), unless the fixation light also served as the imperative stimulus. The
relationship of eyeblinks and eye movement to the CNV was shown to be complcx, and no
method provided perfect correction for this artifact. The study also demonstrated the biphasic
character of the cortical potential during the RT foreperiod. An early negative phase is
apparently related to signal stimulus orientation, and habituates over trials; a separate, later
negativity, appearing just before the imperative stimulus, appears to be the true CNV.
1244 Wegniann, H. M., Klein, K. E., & Kuklinski, P. Storungen der tagesrhythmik nach zwei

transatlantikflugen in rascher folge. [Changes in the 24-hour rhythm after two transatlantic

flights in rapid sequence.] In Aktuell ForschunLsarbeiten au&W dSm UHi fa.
.Eitmedizin. [Curren scientific papers from the &erog, Sa.drclinfqitut1&j (DLR-FB
73-15). Porz, West Germany: Aerospace Medical Institute, January 1973.

The effects of two transatlantic flights in rapid sequence upon the 24-hour rhythm
of body functions, and performance were studied in 8 male subjects. Flights were performed as
outgoing and return flight between Frankfurt and Chicago with a time shift of 6 hours and a
stopover time of 26 hours. The resufts and their operational significance for the flying personnel
are discussed.

1246 Weinberg, H. The contingent negaive variation: Its relation to feedback and expectant
attention. ElEctroenceohalotraohv ann. Clinical NrhylQg , 1973, Supplcment3,
21.9-228.

A paradigm for the study of slow waves was uscd in which an attemapt was made to
differentiate between effects attributable to expectant attention and those attributable to
intention to respond. This was accomplished by making a discriminative response which occurred
at S2 contingent on information carried in 51, and by giving feed-back information about
accuracy of the response by means )f a third stimulus, S3 . Each of the stimuli occurred
successively, separated by approximately 1 sec. Two variations of th;s method were used: (1) a
procedure in which the third stimulus was always present before instructions as to its meaning;
and (2) a procedure In which the third stimulus was absent, after which was added the third
stimulus and instructions about its meaning.

The data indicated that surface negativity was sustained during ptriods when the Ss
were waiting for feed-back .-!though there was no intention to respond. This occurred even when
there were no instructions as to the meaning of the stimulus when S characteristically attempted
to decode its meaning. The results were Interpreted to -dggest that negativity was sustained
during periods of unconfounded expectant attention.

It was also suggested that sustained negativity sometimes seen in cases of behavior
pathology, when a standard CNIV paradigm is used, may be attributable to the attempt of
subjects to continue processing information relative to the response after S2 and the resporse has
occurred.
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1246 Weinberg, H., Michelews i, H., & Koopman, R. The 'form' of the CNV: The relative effect
of information in the ready and imperative stimuli. (Abstract) In W. C. McCallum and J. R.
Knott (Eds.), The responsive brain. Proceedings of the Third International Congress on
Event-Related Slow Potentials of the Brain. Bristol,England, 1973. Bristol: John Wright,
1976.

Twenty normal subjects were tested in a CNV paradigm in which a warning signal
(S1 ) was followed after an i.s.i. of 1.5 sec by an imperative signal (S 2 ).The response, madt to S2s
was contingent upon information presented in either S1 or S2. When the discriminative
information determining the response occurred at S1 the CNV assumed a form which was
significantly different from that observed when it occurred at S2. When the information was
given at S1 the CNV tended to showa ramp-like negative rise having its peak immediately prior to

S2. When the information was given at S2 there tended to be a rapid early rise of the CNV
followed by a slow decline in negativity. Roth wave forms differed from that obtained in a
'standard' CNV situation where no discrimination was involved.

The findings uggest that the CNV may be the result of the interaction of two types
of information prtessing. One type involves time estimation, which is positively related to CNV
amplitude. The second type, which is inversely related to CNV magnitude, is information
processing relative to the specific nature of response performance.

1247 Weinrich, L. Signalerkennung als Funktion des psychcphysiologischen Aktivitatszustandes.
I Signal detection as a function of psychophysiologicalactivity.I Zeitschrift fur Psycholollie.
1968, 17U,217-231.

Three different psychological activities were defined by their EEG patterns. Norms
and validity were tested in various vigilance tets. Fewest errors and easiest deteGtion opcurred in
nonrelaxed, passive waking states with dominantly synchronic EEG alpha activity. In this state
the parameters for sensory components and for decision criterion are at maximum. Classification
variables decrease with extreme activation in waking states.

1246 Weiser, P. C. Interrelationsh~ps of the motor and metabolic support systems during work
and fatigue. In E. Simonson & P. C. Weiser (Eds.), Psvcholoagcc: aspects and physiological
correlates of work and fatizue. Springfield, Ill.: C. C. Thomas, 1976.

Fatigue at submaximal work levels relative to max Vo 2 develops much more slowly
but has some of the same types of impairments seen in maximal work. Above 50% max Vo 2 ,
these are 1. reduced contraction and/or ATP regeneration with motor units derecruiting and 2.
altered respiratory activity with hypervertilation, as well as 3. altered cardiovascular functions
suggestive of cardiac decompensation and 4. decreased blood glucose level with altered CNS
functioning. Commonly. symptoms such as "tired muscles," "heavy legs,"and "uncoordinate6" are
reported. With tasks requiring less than 50% max Vo 2 and especially below 30% max Vo 2,the
factors giving rise to fatigue become much the same as those for sedentary work. It must be
noted that at a given absolute work load, those individuals with lower max Vo 2 must be working
at a higher relative work intensity.
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Prolonged sedentary work can be considered as that which requires less than 15%
max Vo 2 and which leads to a situation in which fatigue must be separated from monotony, if it
can be. Thus, decreased capacity to do sedentary work commences with altered activity of the
reticular activating system, etc., and with the disorganization of infurmation processing.

It is hoped that this chapter sets the physiological framework for the following
discussion of the roles that perception and information processing, reflexes and motor
coordination, motivation, and subjective feeling states take in the development of fatigue in
various work situations.

1240 Weitzman, E. D., & Kreinen, H. Auditory evoked responsesduringdifferent stages of sleep
in man. EiectroencehaIoEgrhy AJ lin NeuroyhvsioloW,1 965, 18, 65-70.

Responses to auditory stimuli can be recorded from the scalp of man in all stages of
sleep. At the vertex, the mean peak latency of the first positive deflection (P 1) occurs at 50 msec
after stimulation; NP at 100 msec; P2 , at 175 msec;N 2 , at 325 msec; and P3 at 800 msec. The
amp,"tude and latency of thz components of longer latency (N2 and P3 ) increase during stages 2
through 4 sleep. The amplitude of the summed auditory evoked responses during the REM stage is
considerably smaller than in the othei stages and generally is of similar configuration to that of
the awake state. Our results support the concept that the auditoy evoked response during !'eep
represents summed K complexes.

•1250 Welch, A. J., Richardson, P. C., Thomas, C. W., & Aldredge, J. M. Bandwidth reduction Qf
sleep information (Tech. report No. 92). Austin, Texas: Bio-Medical Engineering Research
Laboratory, University of Texas, ,uly 1970. (NTIS No. AD 718125)

Many important space and military missions require maximal alertness which is
dependent on adequate amounts of rest and sleep. In order to study sleep-wakefulness patterns in
realistic space and military situations, it is necessary to monitor the level of arousal with
simplified reliable band-limited devices.

The limited time bandwidth available for the transmission of sleep information
necessitates the development of a technique for data compression. This report describes the
possibility of extracting sleep information from heart rate data. Several features of heart rate
which contain sleep information are computed and analysis of variance is used to indicate the
suitability of these measures in the pattern recognition of sleep stages from heart rate data.
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1M Welford, A. T. Arousal, channel-capacity and decision. Ng 962, 1•62,. 365-366.

Three possible resultf of increased activation -ippear to need consideration in terms
of this approach:

(1) A true improvement of discrimination will occur only if there is an increase in
the distance, measured in standard-deviation units, between the peaks of the two distibutions -
in other words, if facilitory effects raise the signal strength more than the noise.r~li and thus
enhance signal-to-noise ratio strength. If noise rose more than signal sorentth, as might happen at
very high activation-levels, the distributions would be widened and their peaks moved to higher
activation-evels; but both wot'ld be moved by the same amount so that the distance between
them in sundard-deviation units would be reduced and discrimination would fall.

(2) Apparent changes of sensory threshold might nevertheless result either from an
increase of noise alone or from a proportioiate rise of both signal and noise together. In both
cases the distributions would be shifted to higher levels and thus, if the cut-off point remained
the same. a higher proportion of signals would be detected. There wuuld, however, also be a rise
in the r~umber of false positives - moderate with an increase of both signal and noise together,
severe with an increase of noise alone. The same type of result would, of course, be produced if
the cut-off point moved to a lower level. This might well occur as an additional effect of
increased activation since the cut-off point must represent the threshold of some other
mechanism in the brain and this woul. almost certainly tend to be affected by any general
Increase of ambient brain activity.

(3) If. however, the subject tried to reduce false positives by moving the cut-off
point to a higher level, the proportion of omissions and thus the apparent sensory threshold
might either rise or remain unchanged.

It is not easy to distinguish between these various alternatives, but it seems logically
possible to do so if piychophysical measuremen.ts are made in such a way that omissions and false
positives can be counted separately and the results compared with an independent, preferably
physiological, measure of activation.
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IM Welford, A. T. Fatigue a I monotony. In 0. Edholm & A. Bacharach (Ed,.), Pm
of human survival. London: Academic Press. 1965.

At the present time four poinb seem to stand out. First, fatigue is row clearly
recogniwd As a blanket term covering a variety of ptocesses in many different bodily mechanisms.
These are. to a much greater extent than had previously been reslised, teural mechanismrs in the
bNaM. Much of the contusion that has arisen hitherto in discussians on fatigue has been due to
the fact that closel similar phenomena in the areas of slowing, blocking, disorganization of
performance and phases of hyperactivity can have widely differeqt causes. We cannot distinguish
between these by studying the crude phenomena alone, but need to gather ancillary evidence and
to consider the precise naiure of the tasks being performed. Secondly, progress has been made in
drawing a distinction between fatigue and monotony or boredom in terms of overloading as
oppowd to under!loaing, but methods of separating the two in experimental studies are still not
fully worl.ed out and the interpretAtion of much previous work must be in some doubt. Thirdly,
the main wrirmcipl.rs of how to prevent the adverse effects of monotony have been made fairly
clear hy the important reseaches done in the study of "vigilance". Fatigue effects s:ill need

considerable further investigation, but here are at least two theoretical "models", one postilating
underactivity and one overactivity in the brain, that have enough support from other
physiological and psychological studies and are sufficiently different from one another to provide
a powerful stimulus to research. Lastly, much of the advance that has been made has resulted
from attention to details of performance and of experimental conditions; the necessity of this as
a means of working out the "mechanism" behind any observed effect is becomir'.g increasingly
clear.

1•1 Wertheim, A. H. Oculomotor control and occipital alpha activity: A review and a
hypothesis. &j Psycholofica, 1974, 38 235-256.

Findings relating occipital alpha rhythm with the v;sua! system appear to be difficult
to interpret. This is dit to the fact that the discrimination between oculomotor control
monitored by visual input and monitored by other factors - a distinction which is independent of
the presence or absence of visual stimulation - has been widely neglected. A review of the
available evidence leads to the conclusion that the inflow of visual information itself has no

relation with occipital alpha activity. Blocking occurs only when such information serves also as
a monitoring principle in oculomotor position control. Some implications of ihi; hypothesis
especially in relation to the concept of alertness and arousal in tasks demanding a high level of
visual attention, such as car driving, are discussed.
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IM4 Wever, R. Circadian rhý thins of some psychok4kal functions under different condito,
In A. 1. Benson (Ed.), Rest and activity cycles for the maintenance of efficiency of
personnel concerned with military flight operations. AGA&R Qnference P No.
74, 1970. (Available from: National Aeronautics Space Administration, Langley Field,
Virginia 23365; Attn: Report Distribution and Storap Unit)

just as nearly all physiological functions, most meanurable psychological functions
show clear circadian rhythms. Their measurement requires, in contrast to that of physiological
functions like rectal temperature, the wakefulness of the subjects. Therefore, measurements
during night time can only be obtained, either when the subjects become awakened several times
from sleep, or when they are continuously awake. In the first case, there are clear circadian
rhythms, for instance in reaction time, with high performance during day time and low
performance during night time. In the second case, the circadian amplitude of several functiona
decreases, coming from an approximation of the night valuts to the day values. This means:
performance during night time is higher when subjects are cnntinuously awake than when they
are awakened from sleep at the same time, and this difference seems to be the greater the more
performance depends on decisions. This may be of' terest with regard to alert readiness.

Furthermore, it would be advantageous with regard to a continuous readiness if
circadian rhythms of partsof a crew could be shifted, in order to have available at any time of
the day a part of this crew at its maximum of efficiency. It has been proved, on the one hand,
that, it strong isolation from the environment and under the influence of an artificial Zeitgeber
being strong enough, human circadian rhythmscan be shifted to any phase in relation to local
time. But on the other hand, in shift workers which are under the influence of a reversed work-rest
schedule, circadian rhythms remain unshifted; the reason is that they cannot avoid social contacts
with unshifted people. Shifts against local time are only possible, (1) if personnel do not perceive
the shift, (2) if personnel have no direct contacts with un-hifted people, and (3) if the shifted
Zeitgeber is strong enough. In order to have available two groups of a crew with circadian
rhythms being revet Ad against each other, it is proposed to try to shift both groups for each 6
hours but into opposite directions, instead of shifting only one group for 12 hours.

1253 White, C. T. Eye movements, evoked responses and visual perception: Some speculations.
Acta Psycholopica, 1967, 27, 337-340.

In a number of studies dealing with the activity of the visual system it has been
found that the duration of 250-300 msec appears to be critical in some manner. It is suggested
that these findings (from studies dealing with fixation durations during visual search, evoked
cortical potential patterns, and the temporal limitations in the visual perceptiori of sequential
events) may be related to certa;n aspects of the processing and assimilation of visual information.

1266 White, C. T., & Eason, R. G. Evoked cortical potentials in relation to certain aspects of
visual perception. Psvchological Monographs, 1966, 80 (24, Whole No. 632).

Evoked cortical responses were obtained in a number of studies dealing with various
aspects of visual perception. On the basis of the variations noted in the complex response pattern
under the different conditions it has been possible to identify certain components of that pattern
as being related to specific aspects of the stimulus situation, such as intensity, color, ana
background level. in addition, the overall evoked response pattern appears to be directly related
to phenomena encountered in the study of the perception of flickering stimuli.
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im7 White,C. T..6 Hatrw, M. Rt. Intermnittency in reaction time and percoeption, And evoked
response cGTrelates of imap quality. &j-j P~SA9j 1969, .Q, 368-2.77.

Three studies are reviewed which are of relevance to the flinders Centenary. The
fims deaus with pftbiodicities found in manual reaction-time distributionk. The secoexi with certain
phenomena encounier•d in pereption wheret sequential perctived events appear to Le limited
by i-ens.ral periodic procames. The third deAls with an aspect of Oonders work not covered
elsewhze in this sympnsium: his studies concemin; the refractive errors of the eye.

"M se 'iche, 1. 1,., Donchin, E., & Lindsley, D. B. Visual evoked potentials as a function of flash
luminance and duration, 5 , 1964, j.j 83-85.

Computer-,averalld evcked potentials were recorded to visual stimuli of constant
duration and varying luminance, as well as to flashes whose luminance and duration varied
reci;pocally. With constant duration, the latency, amplitude, and waveform of the evoked
response varied as a function of luminance. The effects of decreasing the lu minance on amplitude
and waveform of the responses can be balanced by increasing the duratiorn of the flash. This
reciprocity between luminance and duration suggests a relationship between apparent brightness
and evoked potentials.

1=0 Wieringen, P. C. W. Van. Arousal en motivatie by vigilantietaken. I Arousal and motivation
in viuihlzn.] Doctoral dissertation, University of Amsterdam, 1975.

It was concluded that the results where incompatible with the arousal theory, which
would predict that the degree of vigilance decrement depended on the degree of arousal
decrement. The only promising results indicated that sinus arrhythmia may be a useful correlate
of vigilance performance, which is compatible with Kahneman's (1973) suggestion that, unlike
the other peripheral physiological measures used in our study, sinus arrhythmia might reflect the
"effort" Ss invest in their task. However, our experimental evidence on this point was rathcr
weak and surely not conclusive.

The results with respect to the relation between "spontaneous" GSR activity during
rest and detection performance were interpreted as being compatible with both Eysenck's (1963,
1967) prediction that introverts will be less prone to vigilance decrement than extraverts, and J. F.
Mackworth's (1968, 1969, 1970) view that vigilance decrement is in part due to the habituation
of the OR to task relevant stimuli.

1260 Wilkins, W. L. Some comments on thedirection of the symposium. In W. Singleton, J. Fox &
D. Whitfiel '(Eds.), Measurement of man at work. London: Taylor & Francis, 1971.

It is clear from our discussions that the exact place of the EEG, electromyography,
sinus arrhyth.nia, evoked potentials, galvanic skin response, steroids, catecholamines, etc., is far
from settled. Some of these physiological or psychophysiological measures have already an
accepted place in ergonomics research and a few in ergonomics practice. Some have what appears
to be a limited usetulness.

Now there are some jobs in the world of work so critical that psychophysiological
monitoring of on-going performance is mandatory. At present, the astronauts are so monitored, I
presume, when they are out in space. A few other iobs may deserve such intensive monitoring.
Some tasks would profit from periodic or aperiodic sampling of physiological costs, to assure
safety and health of workers or to assure vigilance in tasks where alertness is critical to
performance. Most of the jobs in the world, however, do not merit such psychophysiological
monitoring.
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There can be little doubt of the usefulness Jf the physiological approaches to the
study and design of man-machine systems. The physiological studies should, just as th-
observational studies, lead to clues for further study and hopefully to possible means of
increasing human effectiveness together with human well-being.

Ergonomics constantly stresses the well-being of the worker, but it cannot relax in
its emphasis. The intellectual climate in the universities the last few years has been such that
students have begun to feel that the world of work is hostile and unfee!ing and unrelated to
hum-.r, concerns. Misperception and misunderstanding of the real thrust of ergonomics i,. quite
possible in a univrrsity climate of opinion which is so near to being anti-intellectual. Constant
emphasis on health and on well-being as well as on efficiency, on productivity, and on
peformance is well i dvised.

12M1 Wilkinson, R. T. Effects of sleep-depivation on performance and muscle tension. In G. E.
W. Wol3tenholme & M. O'Connor (Eds.), The nature oi sleep. Boston: Little, Brown, 1960.

Summarizing the results of this experiment, we can say that the effects of
sleep-deprivation may be evident either in lowered performance or higher muscle tension during
the work, and that an assessment of work-to-rest tension ratio may indicate which alternative will
predominate in any individual. Two further suggestions of a tentative nature must await further
research. The first is that the heightened tension with loss of sleep reflects a higher level of effort
or motivation and possibly a greater cost to the organism of maintained performance after
sleep-deprivation. The second is on a different level of explanation; it is that efficiency, in the
mechanical sense of an input-output ratio, may be reduced by loss of sleep if we can consider
performance as a me~sure of output (with respect to the task concerned) and muscle tension and
the related measures of activation as an index of input.

In conclusion it should be stressed that this experiment is a prelimini.ry study on a
modest scale. It would be a mistake to generalize too freely from these results to other situations
involving different tasks, different degrees of sleep-deprivation and even Gifferent measures of
activation. In particular two limitations must be stressed: only one measure of activation was
used, muscle te.sion, and only one muscular site was recorded from. For many subjects this
combination may not have been the most sensitive index of activation. That it nevertheless
provided a meaningful index in most of the subjects tested is suggested by the significant
correlations with performance decrement which have emerged. In short the results seem to justify
the modest meatis used in suggesting a clear relation in the present context between muscle
tension, performance and the amount of sleep taken.
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122 Wilkinson, R. T. Muscle tension during mental work under sleep deprivation. lournal of
Experimental Psycholozv, 1962, f, 565-571.

Twelve Ss performed a 20-min test of addition, once after normal sleep and once
under 32.56 hr sleep deprivation. Records of muscle tension (EMG) were taken from the inactive
arm. The Ss who maintained performance best under the stress showed the greatest rise in EMG
over normal levels. Knowledge of results disturbed this relationship. An independent measure of
EMG taken under normal conditions predicted those Ss whose performance was impaired.
Sleep deprivation may cause inefficiency even in Ss who maintain performance if their raised
EMG reflects greater effort or energy expenditure; this may be the cost of maintai;-ing normal
levels of arousal and performance in face of the depressing influence of sleep deprivation per se.

If63 Wilkinson, R. T. Evoked response and reaction time. Acta Psychologica. '967, 27,
235-245.

It is now possible, by the use of computer averaging techniques, to record clear
evoked responses to sersory stimuli from the human scalp. This paper reviews some recent
experiments which have sought to correlate the patterns of such responses with reaction time to
the stimuli concerned. The conclusion is that the amplitude of certain components of the evoked

response does indeed correlate with reaction time and that this correlation is probably due to the
influence of attentional factorsupon the behavioural and physiological measures concerned.

1264 Wilkinson, R. T. Relationship betweef, CNV, its resolution and the evoked response. In W.
C. McCallum and J. R. Knott (Eds.), The responsive _jj.I Proceedings of the ThirdInternational Congress on Event-Related Slow Potentials of the Brain. Bristol, England,1973. Bristol: John Wright, 1976.

In this paper the author attempts to summarize and integrate the conclusions of

three recent papers by himself and his colleagues on the relationship be'ween, on the one hand,
the CNV and its resolution and, on the other, the N1-P2 wave and what has been called the P3 or I
P300 wave of the evoked response.

The first conclusion is that any CNV which is present at stimulus onset will be I
returned to baseline as a function of the relevance of that stimulus to the organism. Thus CNV
resolution may be expected to vary from a maximum, when prior instructions or training
establish the propensity for : highly motivated operant response to a particular stimulus at S2 ofthe CNV paradigm, to no CNV resolution at all, when the stimulus by habituation and instructions isof minimal importance to the organism and requires no operant response.

Another factor which must clearly influence the size of the CNV resolution is the
ani0litude of CNV at stimulus onset. With no CNV there can be no return.

The second conclusion pertains to the relationship of CNV resolution to N1-P2 and
possibly P3 waves of the evoked response. Since CNV resolution may continue from 100 msec, or
earlier, to 600 msec post-stimulus, its presence in the post-stimulus trace may coincide with that
of N1-P2 of the evoked response and also possibly P3 (or P300). When this happens the
peak-to-peak amplitude of N1 -P2 wil appear artefactually large, and so will the amplitude of P3
(or P300). Thus any tendency for these two components to retlect the degree to which a stimulus
is relevant to the organ~sm, as defined above, may be due wholly or in. part to summation with a
CNV resowution which is itself varying with (a) stimulus relevance and (b) prior CNV amplitude.
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1goe Wl~kinson, R.T. The relztionship between CNV, its resulution and the evoked response. In

~.E. Dvimedi (Ed.), Lt(ebreal cvokd dj2tentlai a.-I. In pier4.

In discussing the variation ofevernt-retatcdpotentialsin the EEG A~i i iin.:tion of the
relevance to the organism of the events¶ conicerned, this chapter advan'-es th~e fol~owiiig two
propositions-

EPrjitj2UjJ: The degreebtowhich any CNV is returned to basel Inc as a re!sult of a
stimulus (CNV re solution) will vary with the relevance of that stimulus to the orgi~nisrn.

Pj~jositipnl 1: The CNV resolution usually takes the form of a relatively slow
positive-going process, thc_ latency of which is such that it may summate with discrete and

this happens, effects of selective attention may bc attributed to these discrete EPs which are in

fact dut to changes in the CNV resolution.

1266 Wilkinson, R. T., & Ashiby, S. M. Selective attention, contingent negative variation and the
evoked potential, Biolmfical Esychoor, 1974,j, 167-179.

Contingent negative variation (CNV), N1-P2 arnp~iude of the evoked potential (EP),
and positivity at 300, 400 and 500 msec latency (P300, P400 and P500) were measured in

relation to task relevant (R) or irrelevant (1) tones pre!sented alternately or unpredictably at 1 secI
intervals. High concordance of P300, 400, and 500 indicated a slow, relatively unpeaked' wave
thiought to be the CNV resolution. Both N I-P2 and P300 appeared small only when stimuli were
both irrelevant and predictably so. With predictable presentation correlations were observed
between CNV, NJ-P2 and P300 in terms of both absolute level and, particularly,
relevant/irrelevant difference. Holding CNV Lunstant statistically, and to a lesser extent P30)0,
reduced those correlations. itis suggested that CNV resolution in the post-stimulus trace reflects
selective attention paid to the stimulus, and may be responsible, through summation, for claims
that N I -P2, and sometimes P300, does so.

Ina? Wilkin~son, R. T., EI-Beheri, S., #. Gleseking, C. C. Performance and arousai as a function of
incentive, information load, and task novPelty. Pscwyiozy.'1972 ,,9, 589-599.

Pulse and respiration rate, pzulse volume, skin condluctance level, and muscle tension
were tecorded from 12 Ss while they carried out a 40-mmn test of choice serial reaction in which
incentive level, task difficulty (number of choices), and task novelty (or practice) were varied. 1)
Little u;'tanrniity was observed among the physiloogical measures in responding to these task
variab~es. Incentive was reflected in pulse rate, respiration ratte, and skin conductance level; task
difficulty in pulse volume; and novelty in respiration rate and muscle tension. 2) Only when the
effects of information load and practice could be held constant was there any sign of an
inv',rted-UJ relationship between performance and physiological level. 3) Although both choice
and Incentl'e had significant effects on performance, the two did not interact.
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1280 Wilkinson, R. T., Fox, R. H., Goldsmith, R., Hampton, 1. F. G., & Lewis, H. E.
Psychological and physiological responses to raised body temperature. Iournal 2f Applied
Physiolog, 1964, 19, 287-29 .

The performance of 12 male volunteers in an adding test and in a test requiring
prolonged vigilance was measured at normal body temperature and while temperature was
maintained at 37.3, 37.9, and 38.5C. Each subject was measured at each level of body
temperaZure on four occasions. Both the extent and the direction of the effect on performance
varied with 1) the task being carried out, and 2) the degree of temperature elevation. Compared
with performance at normal temperatures, tht. ability to add was impaired and vigilance was
improved at 38.5 C. At 37.3C, on the other hand, smaller changes reflected in general an
in -1rovement in adding and an impairment-of -vigilance. As a result of the repeated sessions of
controlled hyperthermia, the subjects became heat acclimatized but there was no corresponding
improvement in performance at raised body temperature, indicating the absence of short-term

adaptation of the central nervous system functions tested to repeated elevations of body
temperature.

12m Wilkinson, R. T., . '-Iaines, E. Evoked response correlates of expectancy during vigilance.
Acta Psycholo ic_., .970, S3, 402-413.

Pairs of clicks (ISI about 2 sec) occurred at quasi-random intervals for 22 min. The
first click (S1 ) served as a warning for the examination of the second (S2), the occasional
attenuation of which had to be reported. There were two levels of signal frequency, 10.9 and
87.2/hr. The amplitude of the contingent negative variation (CNV) in the EEG appearing
between S1 and S2 was measured and also that of the evoked response (P2 -N1) to the individual

clicks. CNV was greater in the high signal frequency than in the low. in the high signal frequency
a decline from first to second half of the test occurred in signals detected, speed of response, CNV,
and evoked response to S2. Reasonably high positive correlations occurred between JI pairs of
these measures, but only one survived partial correlation holding time constant, namely that of
CNV with signals detected. The CNV appears to reflect what is sometimes termed expec t ancy in
vigilance, and also the level of detection performance independently of time. Its further links
with conditioning may qualify it for consideration as a physiological adjunct of Holland's (1958)
observing respoisc.

1270 Wilkinson, R. T., & Lee,M.V. Auditory evoked potentials and selective attention.
Electroencephalograthv and Clinical Neurophyslology, 1972,,U, 411-418.

Twelve subjects listened to z. mixture of three short tones (135, 27Oand 2268 c/sec)
coming at random intervals ranging from 300 to 1760 msec and presented in series of short runs
(average 25 tones per run). In each run one tone was designated relevant and the other two
irrelevant. Subjects had to count the relevant tones, reporting the total at the end of each run.
The EEG following each tone was averaged and showed the following characteristics for relevant
as compared with irrelevant tones: (1) a greater amplitude of the conventional peak-to-pcak
measure, N1-P2; (2) a large, slow positive wave extending usually front latency 150 to about 640
msec; (3) a sharp positive wave, clear only in some of the records, z: latency 300 msec. Selective
attention performance was related to relevant/irrelevant differences in the positivity at 300 msec
but not to N1-P2. It is suggested that the "late positive wave" is a return of pre-stimulus
contingent negative variation (CNV) io baseline and that this, occurring selectively following
relevant stimuli, constitutes the EEG sign of selective attention paid to the stimulus. Apparent
changes in N1-P2 with selective attent.in may be due to its summation with the positive-going
CNV return, N1-P2 Itself remaining invarite.
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1271 Wilkinson, R. T., & Morlock, H. C. Auditory evoked response and reaction time,
Electrocncechaloaraphv q Clinica Neurophysiolos,, 1967, 2,, 'ý0-56.

Ten human subjects listened to auditory "clicks" coming in runs of 50, the
inter-•.ick intervals varying randomly between 1 and 3 sec. In some runs the subjects ignored the
clicks, in others they responded to each click as quickly as potsible by pressing a key. Incentive
was varied in the responding runs by payment at a flat rate or based on perf,,rmance. For each
run records were taken (1) of the iuditory evoked response (AER) at the vertex to the clicks; (2)
of the average reaction time in each responding run. Three identical test sessions were held on
separate days.

Results were as follows: (1) Responding to, as opposed to ignoring, the click;s affected
the various components of the AER in different ways: the 1st positive and 1st negative
components (at latencies of about 50 and 90 msec respectively after the click) increased in
amplitude, the 2nd positive component (about 160 msec) changed little, and the 2nd negative
component (about 260 msec) was reduced. (2) In general, adding incentive reproduced these
changes to a smaller scale. (3) Responding produced a large amplotude late wave in the AER, a
possible "motor potential" of latency 350-450 msec, which was also increased by added
incentive. (4) There was no correlation between reaction time and either the amplitude or the latency
of AER components. (5) Great intra-subject consistency in AER patterns from one day to
another contrasted with wide inter-subject variability.

1272 Wilkinson, R. T., Morlock, H. C., & Williams, H. L, Evoked cortical response during
vigilance. Pswhonomic Science 1966, 4 221-222.

In a conventional vigilance situation a relationship has been found between the
averaged evoked cortical response to the vigilance stimuli and the Ss' ability to dete,.t occasional,
slight changes in these stimuli. The pattern of changr in the evoked response tha, accompanied
failures of detection suggested lowered arousal rather than distracted attention as the cause.

1273 Wilkinson, R. T., & Spence, M. T. Determinants of the post-stimulus resolution of
contingent negative variation (CNV). Elec~trenc.phaloAraphy and Clinical Ne_ o-
physiology, 1973, 35, 503-509.

Subjects were six women. They heard a warning click (W) followed by one of two

tones (Si), followed again by one of two ;licks (S2) In half the trials they made a choice key
pressing response (R) to the tone; in half no response (NR) was required. Within these trials they
made a further choice response to the click (S2) if the totei at 31 was high tone (continued
expectancy, CE) but not if S1 was a low tone (non-continued expectancy, NCE). The CNV
present at SI was resolved towards the baseline whether or not an overt response had to be made
to S1 and whether or not the information in SI counselled continued expectancy. With CE this
CNV resolution was arrested when a further CNV developed in preparation for S2. This created a
sharp divergence of the CE trace from the NCE trace, the latter continuing its positive - going
resolution. The latency at this point of CE/NCE divergence correlated positively with motor
reaction time to S1 and was delayed when a motor response was ;equired to S1.

Conclusions: (1) The cause of return of CNV to baseline is neither the overt
response nor the final decision concerning the nature of the stimulus, but probably the first
coarse identification of the stimulus as one of a relevant class of stimuli. (2) The point of
CE/NCE divergence may mark the completion of a sccond stage of finer analysis and may be an
EEG index of final decision latency. (3) Inter-individual variance in reaction time is confined
mainly to transactions before this point In processing. (4) The need to make an overt response
may absorb processing capacity and therefore delay decision time.
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1274 Williams, H. L., Granda, A. M., Jones, R. C., Lubin, A., & Armington, J. C. EEG frequency
and finger pulse volume as predictors of reaction time during sleep loss.
Electroencephalography and Clinical Neurophysiology, 1962, 14, 64-70.

The validity of EEG frequency and finger pulse volume for predicting reaction time
increased as sleep loss increased. In general, the EEG showed the highest correlation with reaction
time, especially in the 1 sec interval just before and just after the signal. As sleep loss increased,the
"lead time" for the EEG increased so t'tat by 50 h of sleep loss, valid predictions of reaction time
could be made at least 2-3 sec before the signal. Five out of seven subjects showed a bimodal 1
EEG frequency distribution during sleep loss. For these five subjects, perceptual-motor lapses
occurred during periods in which the EEG frequency was in the theta rhythm (4-7 c/sec) range.
For two of the subjects whose modal EEG frequerncy slowed somewhat, but did not have a
secondary mode at 4-7 c/sec, neither the EEG nor finger pulse volume could be used to predict
reaction time.

Finger vasodilation was significantly related to long reaction times during sleep loss,
but its contribution to the prediction of react* in time was small.

1275 Williams, H. L., Kearney,O. F., & Lubin, A. Signal uncertainty and sleep loss. lourno.:j QfExperimental Psychology, 1965, fl, ,4.01 -407.

Dur,.:ga 3-5 day base-lise period, 2 days of sleep loss, and 3 days of recovery, 52 Ss
perf•imed 3 visual vigilance tasks, of 10 min each ranging in signal uncertainty from complete
redundancy to .84 bit per second. The major effect of uncertainty was to cause errors of
emission which increased with sleep loss. The interaction between signal uncertainty and sleep loss
was significant. Task duration (of 10 min) caused no impairment during the base-line and
recovery phases, but during sleep loss, errors of ,,mission rose sharply on the last 3 min of each
task. There was no significant interaction between signal uncertainty and task duration.
Decrement was considerably greater for Ss working alone than for Ss working in a group. Oral
temperature had no consistent relation to errors of omission or to sleep loss.
1e Williams, H. L., Lubin, A., & Goodrow, J. J. Impaired performance with acute sleep loss.

1 •17Mloia l noA.r nel .jlI ADDled, 1959, 73., (14, Whole No. 484).

With 49 Ss, deprived of sleep for 72-98 hr , performance deteriorated on a variety of
tasks, an unusual result in studies of sleep loss. Deficit took the form of lapses (brief periods of
no response accompanied by extreme drowsiness and a decline in EEG alpha amplitude). Four
features of lapses were noted. (a) They occur in other conditizns such as fatigue and hypoxia and
appear to characterize impairment in general. (b) They increase in both frequency and duration
as sleep loss progresses. (c) They are strongly affected by stimulus monotony. (d) Their specific
effect on performance varies with the properties of the task. In S-paced tasks, for example, speed
is the critical measure; in E-paced tasks, errors are critical. To identify the sensitive aspect of
performance becomes the crucial problem.
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127M Williams, H. L., M~ock, H. C., Jr., Morlock, J. V., & Lubin, A. Auditory evoked responses
,•nd the EEG stages of sleep. Annals of New Y9rk An 91f S%;ience , 1964, 12,
172-181.

As a subject moves from alert waking through drowsiness into light and then deeper
stages of sleep, the wave form of the evoked response changes in a complex way. The earliest
components (Allison's one to three) disappear from both anterior and posterior leads. In central
and anterior Iocaý',ýrs the fourth component (peaking at 70 to 80 msec ) increases in amplitude

and duration. The fifth phase, which corresponds in latency to the K-complex, decreases in size,
and may disappear altogether in the delta stages of sleep.

The average amplitude of the evoked response during stage 1rem is lower than for
the other stages of sleep, or for ordinary waking. A pilot study comparing two conditions of
waking (readingabook, and counting clicks) revealed a response during reading which was
somewhat similar to the typical response seen in stage Irem, Possibly, for the "dreaming" subject,
the organization of the central nervous system is similar in certain respects to that for the
engrossed reader. In both conditions the subject may tend to occlude irrelevant stimuli.

1273 Williams, H. L., Tepas, D. I., & Morlock, H. C., Jr. Evoked responses to clicks and
electroencephalographic stages of sleep in man. .qk., 1962, In, 685-686.

The form of the average evoked response to clicks is highly correlated with the
background el-tctroencephalogram. - However, the response during the emergent low-voltage
"dreaming" stage is different from that seen during the low-voltage phase at the beginning of
sleep. The results provide additional evidence that the emergent low'voltage stage is a
neurophysiologically unique phase.

1279g Williams, L. G. The effects of target specific:ation on objec~ts fixated during visual seartch.
Acta Psychologica, 1967, 27, 355-360.

When a person searches for a target in a cluttered visual field his fixations typically
fall on objects. Specifying the target characteristics will affect the probabilities of fixating
different classes of objects. It was found that for fields containing objects differing widely in size,
color, ane shape, a high proportion of fixations were on objects of specified color, but only a
moderate proportion were on objects of specified size or shape. When two or more target
characteristics were specified, fixations were generally based on a single characteristic.

It is suggested that the specification of the target creates a perceptual structure
which S explores. The study of visual fixations, in effect, is the study of that structure.
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1260 Willi-ms, R., Bauknight, T., Cleveland, W., & Jackson, M. Phasic forearm blood flow (FBF)
responses during the preparatory interval (PI) of a reaction time (RT) task.
Pschoohy'•ioloktv, 1977, j4, 81. (Abstract)

A widely reported heart rate (HR) deceleration during the preparatory interval (PI)
of the reaction time (RT) task has been interpreted by the Laceys as reflective of a sensory mntake
set. A tonic skeletal muscle vasoc.nstriction has also been reported in association with sensory
intake behavior. To determine the presence of phasic muscle vasomotor responses during a PI, 30
young adults were tested under the RT paradigm, under a HARD (30 mstc Si and S2
presentation, 15 trials) and an EASY (500 msec) condition. PI was 6 sec. All subjects were first
required to count quietly while 15 6-sec HR and finger blood flow (FBF) "trials" were obtained
(CONTROL). Beat-by-beat HR and FBF (venous occlusion plethysmography) levels during the PI
were determined using a PDP-12 computer. Average sec-by-sec HR and FBF resporses during the
CONTROL condition were determintvd for each subject and submitted to polynomial regression
analysis to test for linear and quadratic trends, Presentation of 1tARD and EASY tasks was
counterbalanced. Tonic levels of both HR and FBF were significantly lower during the two tasks
than during the CONTROL condition. HR and FBF did not differ between tasks, though
performance measures confirmed the higher difficulty level for the HARD task. While the phasic
HR response was nearly flat during the CONTROL condition, a greater quadratic component for
both HARD, F(1/981)=48.34, and EASY, F(1/981)=31.84, tasksconfirmed the presence of a
biphasic acceleratory-deceleratory response with addition of PI. A significantly greater linear
component during both HARD and EASY tasks showed that the overall rate of fall in FBF was
accentuated by addition of a PI. A greater quadratic component for both HARD, F(1/981)-7.20,
and EASY, F(1/981)=8.21, tasks in comparison to the CONTROL condition indicates that the
addition of a PI resulted in a greater rate of fall in FBF during the first 3 sec of the PI. The order
of task presentation had significant effects upon FBF response. Whichever task came last showed a
greater rate of FBF fall during the last halt of the PI; this order effect was more pronounced
when the HARD task was last, suggesting a task difficulty effect.

These findings show that the phasic peripheral cardiovascular responses during a PI
are not limited to HR, but may %•e extended to include a more pronounced concurrent phasic
vasoconstriction itn the forearm. The early FBF fall may represent the mechanism for a diastolic

BP increase reported by Obrist et al. (1974) to occur early in the PI.

11261 Williams, R. B., Jr., Bittker, T. E., Buschsbaum, M. S., & Wynne, L. C. Cardiovascular and
neurophysiologic correlates of sensory intake and rejection: I. Effect of cognitive tzsks.
PsvchoDhvsiolwv, 1975, 1 427-433.

In this study of the relationship between sensory processing and cardiovascular
function, five cardiovascular parameters were monitored during baseline periods and during tasks
requiring either sensory intake or sensory rejection behavior on whe part of 19 subjects. Sensory
intake behavior was associated with a pattern of response similar tt. that seen with activation of
peripheral tympathetic nerves - vasoconstriction in both the digit (skin) and forearm (skeletal
muscle). In contrast, sensory rejection behavior was associated with Vasodilation in the forearm
and vasoconstriction in the digit. Individual differences in an EEG measure of characteristic ways
of processing sensory information wer,. predictably associated with differences in resting
cardiovascular function. The association of sensory intake with a skeletal muscle vasoconstriction
may help to extend our understanding of the physiology of sensory processing, since heretofore
only heart rate and somatic motor activity have reliably differentiated sensory intake from
sensory rejection behavior.
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1202 Wilson, R. S., & Duerfeldt, P. H. Cardiac responsiveness and differential conditioning.
Journal 9f Comparative LJ Physioloxical P chtY..LM, 1967,0, 87.94.

Discrimination difficulty was systematically varied in 2 experiments involving a
visual dizcrimination problem. During 60 trials of differential conditioning with a shock US,
beat-to-heat pulse-rate changes, measured for selected trials, showed a characteristic; biphasic
pattern on nonshock trials--initial deceleration followed by acceleration. Shock-produced changes
were similar although acceleration was more prominent. Magnitude of change was related to
discrimination difficulty and did not depend on training procedure (converging discriminable
stimuli vs. maintaini% :ixed level of difficudty throughout). Results replicate a previous study and
generally conurm to Liddell's analysis of differential conditioning. Vigilance is proposed as the
intermediary rrocess linking discrimination difficulty to magnitude of pulse-rate change.

1263 Wilson, S., Orne, M., & Paskewitz, 0). Individual differery-es in the interaction beItwon
alpha dentsity and a~ousal.hPsychophysiolo-, 1977, 14, 103-104. (Abstract)

rhe widely accepted inverted U hypothesis relating alpha density and arousal is
specific;allý challenged by Orn,: and Paskewitz's (1974) recent study. Further analysis of the
interaction between alpha d-nsity and e.ctivition in this experiment demonstrates striking
individuz; differences in alpha response to arousal beyond relaxed alertness. In response to threat
of shock during alpha feedback several subjects demonstrated the expected reduced levels of
alpha but several others showed an equally dramatic increase in alpha density in association with
increased arousal. Further, these individual response patterns were quite consistent on a second
day of shock threat during feedback, and what is more, the interaction between alpha density
And heart rate changes could be predicted from the number of spontaneous skin conductance
responses d n an eanlier day.

A reanalysis of Stennett's (1957) classic stu,/, most commonly cited as evidence
for the inverted U hypothesis, shows that identical individual differences are present and that the
U-,haped function was the result of combining data frorn the twi, extreme types of responders. It
was inferred, but not justified by data, that these two groups were at different levels of arousal.

These powerful individual differences have not been generally recognized because
they are easily masked by overriding visuomotor effects if light is present or by novelty effects
during a first session.

1264 Wi".er, A. Electrophysiological measures for tasks of low energy expenditure. in W.
Singleton, 1. Fox & D. Whitfield (Eds.), Measurement of ma__n work. London: TAyhor &
Francis, 1971.

It is obviously naive to try to reduce the extraordinary complexity of relations
between man and machine to a pure physiologica, phenomenology. All the rssychological
exploratory techniques available are also necessary. Nevertheless, working difficulties of
man-machine systems are sometimes revealed earlier by an impairment of the operator than by a
change in the behaviour of the system. Moreover, physiological measures encourage us to
consider more particularly the overloading of the hbman operator and the effects on his health.
Finally, If we are looking for the cause of trouble in the functioning of the system, we cannot
neglect the Information given by man's perceptual and motor links. The careful observation of an
exploratory modality, or of execution difficulties might explain and solve previously intractable
problems.

All of these consider?!ions encourage close collaboration in the future between
psychologists and neurophysiolog;sts in the study of man-machine systems.
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1S0 Wood, C. C., Goff, W. ý., & Day, R. S. Auditorv evoked txo!entials doing Xr'eeh
ptr~cption. Stienc, 197 1. JUJ 1248-1251.

Neural responses evt Aed by the same binaural spefth signal were recoiideti f- ai ten
right-handed subjects during two Auditory identifiCAtiOn tasks, One task itquired A~i,%Isis of
acoustic parameters important foi making A linguistic. distinction, whtile the other Wak requireCd
analysis of an acoustic. paramoter which provides no linguistic informAtion At the phonemne level.
In the time interval between stimulus onset and the subjects' identification responses, evoked
potentials from the two task% were significantly different over the left hemisphere but identical
over the right hemisphere. Thewe results indicate that different neural events occur in~ the left
hemisphere during analysis of linguistic versusnunlinguistic parametchrs of the same Acoustic
signal.

IM Wo~od, C. G.. Ir., A Hokanson, 1. E. Effects of induced musculai fension on performance
and the in-verted U function. Jjourjl f ferognAlity And I lPsycholo 1 1965.1.
4.06-S 10.

It was hypothesued that heart (ate, as A tunction al intreasing levets of induced
nuscular tension, would increase linearly throughout the range of tension, whereas, perfoirmance

on A simple intellectual task, would progreisiiet increase un to a moderate level of tensioni,
beyond which it %ould prog~ressvely docline. A group tif WO) tnderyiaduate student% enrolled in
an introductory psychology course, equated for b-Aia leel heact rate, were divided into 5 groups,
Each t oup was subjected to 1 tif 5 levels of induced muscultr tention. Heart rate and
performance on the intellec tual task were measured before And After the induced tension, And the
computed differences recorded As the measure of change. Thewe differences, an.Alyaed by means
of an atialysis of variAnce, revealed significant differences for both hea&rt rate and performanice. In
addition, trend tests were performted to see if these differences followed the predicted trends. lt ~
was found that heart rate displayed A significant linear trend across conditions, whertAs

performance scores manifested the predicted significant quadratic Component.
%W7 Woodruff. D. S. RelAtionships atmong LE~G Alpha frequienc'., reAction time, And age: A

biofeedback study. bkhp-iii 1975. 1. 673.681.

To ekamine the relationship lietween the trequen%.-v of the EEC, alpha rhythm anld
reAction time, the biofeedback technique was used to manipulate braini wave frequency in tO
young And 10 old %tihiftts. Subject% first learned ito incieAse the percent time they spent in theirI modal brain -.ave frequency, And then they were' trAinied to increase the pertcent time thel spent
in brain wave frequencies ' MI faster And 2 kiz slower thAt% their mtWdAl frequency. Simple
audittory reaction time (RT) WAS measuircd during biofeedbAck immediately After subjects reAchedI
a set criterion At each biofeedback task. To control for the effect of biofeedback training on RT.
groups of 5 old and 5 youAng subjectt heard A pre-recorded feedback signal whicýh was not
contingent upon their bra,ý'n wave activity, Extperimental subjects increased the abundance of
alpha Activity above baseline levels whist control subjects did not. Results inidicated thm~
experimental alteration of brain wave frequency Affected RT. When the subjec~ts produced fast
brain waves their RI was signifiCAntly faster than when they~ produced slow brain waves,
Correlations between btairi wavt periodl and RT were -maIll Thus, the data did not provide
unecitivoc .support for the ioiotion that the Alpha rhythm serves AS .1 matter timing mechanism
for behAsior, but the relAtionship between controlled EEG actiVity And RT wasi clearly
demonsurated.



i¶S Wortden, F. G. Attentitn and Auditory elec trophy siology In I Stellar & I.M. SpragtUe
(I d%., ýrt~s~ in phtmololaI eyjfrlijýg (Va. 1). New York Atademit Pre%%. 1Q466,

A more generil conclusion i% that research of this kind ha% to treat bth~t ASWet.t%
RwnhAvioral and neurophysiological) A% unknown% betauw, of critically %ignificant dispatities im
d~ata And concepts. between ps~chtllogical and neurological diwiiplines. and because oi the ;Ack of
information in bt.th. Ft-4 example. it is A curioojsstrategy to study evoked-ptotentiAl ctlange% of
uinknown neural significance in an attempt to clarify neural mechanisms ;n vudh a t.omplelk And
obscure behavioral process As attention, Aoi Analysis of thir. problem was presented And certain
conocepts were proposed concerning poiceptitin And Attention in relation to neural aulivities. 1 hi%
Analysis indicates that the urgent need is lot better questiont, rathtri than for more Answers to
Poor Cluestions. The qluestion of neural mfth.aniwn% in attention Lanniot even be Mtated Oearly lett
alone Answered, without knowing more abo~ut lhov neural Activities prorss information it) yield
the kind of informatton necessary for adaptive behavior. A great Many sample0 questions, derived
from ,.dequately comnplcx ýonceptuafitations, Are going to hive to bez.nswered beltoe it Ileitumin
possible to imagine how perception% might arise from brain Activities.

IOMS Wrightt, 1. Mb. von , Anderson, K., & Stenman. U. Generalizatitm of conditioned ('SR% in
dichotic listening. In P. M. A. Rabbitt & S. Dornic rt d%.), Attention An performance V.
New Yixk: Academic~ Press. 1975.

In A dichotic listening task GSR was conditioned to A specific word (CS) in the
attended messag by pairing CS with shock In A SUbseurnt test task c;SKs were obtained to the
occurrence (it CS in the unattended messge. Weaker but statistically signtificant GSRs were

otained to A synonym of CS and to A Word .a4OUStwAlly SiCilar to CS when they were prewnted
eihrin the attended or in the unattended message the site of the ellfet being simila oin these
fou cas.The results suggest that the unattended me-s..*e in dithotic Istening, Rend% to be

proc"sicd at 4 semantic level even when it% tonitent c.annot be reported hy % The %-s %h~adovwiny.
performance tended to deteioonate following repeated presentations, of cintsai weids, iii the
unattended message, %uggesting An increase in the s.Ampling tit that me~sitgr.
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iinO Yaremko, R. M. The effects of direction and amount of change in stimulus intensity on
magnitude of the orienting reflex and frequency of signal detection (Doctoral dissertation,
Ohio University, 1969). o AbsrSp InternatiOnal1, 195,1 1936B. (University
Microfilms No. 69-17, 054)

The purpose of this experiment was to obtain information on the magnitude of the
orienting reflex (OR), as nweasured by the galvanic skin response, as a function of direction and
amount of chang, of the orienting stimulus (OS), and to evaluate ti- effects of evocation of the
OR on detection of a subsequent Signal in a vigilance task.

Forty Ss were given sequences of trials in which OSs and detection stimuli (DSs)
were paired and presented alone. Ten additional Ss were given only DSs. The OS was defined by a
change in room illumination, and the CS by a brief threshold tone, the intensity of which was
determined empirically for each S.

It was found that OR% to the large change stimuli were significantly greater than
ORs to the snald change stimuli, but that no differences occurred between upward and
downward changes in either the large or small change conditions. Greater habituation of the OR
occurred to the small change stimuli. More signals were detected on trials iii which an OS
preceded tPe tone, and detection performance declined over trials in both the OS-DS and
DS-only conditions. The experimenul Ss did not differ from the controls in basal skin resistance
or number of signals detected on DS-only trials. Negative correlations were obtained between (1)
basal skin resistance and total detections. (2) habituation of the OR and dec-ements in detection
performance, and (3) habituation of the OR and differences in detections in the OS-DS and
DS-only conditions.

It was concluded that OR magnitude was a function of amount rather than direction
of change in stimulus intensity. and that occurrence of an OS iwu!. prior to delivery of the DS
aided in detection of that stimulus. Although a conditioning interpretation of this finding was
ruled out, the relationships obtained between electrodermal activity and vigilance performance
did not lend exclusive support to any one theoretical account of attention facilitation.

129,11 Yingling, C. D. Evoked potentials to combined auditory and visual stimuli in three
dimensional space. Psychoyhjgj•o. 1977, ]A. 94. (Abstract)

Most evoked potential research utilizes stimuli in a single sensory modality.
However, in the real world outside the laboratory, events often are seen as well as heard
simultaneously. Thus, the interaction between the neural ev.ents in at least two sensory systems
characterizes the way our brains normally process information from the environment.

To examine this interaction, a stimulus field was created in which visual (flash) or
auditory (click) stimuli could be presented from either the left, center, or right side of the
subect's egocentric field. Flashes and clicks were always presented together, but on separate
quasi-random schedules w. that light And sound sometimes coincided in space and sometimes did
not. A• total of nine combinations was thus created; evoked potentials were recorded from
homelopous frontal, central, parietal, and occipital locations over each hemisphere,
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By changing the instructions to the subject, A number of current hypotheses
concerning the effect of attentioti on evoked potentials could be tested. For example, directing
attention to the flashes caised a relative enhancement of the posterior components of the
complex responne whereas attending to clicks shifted the pattern of maximal response more
centrally. More Interesting were the effects of detecting a specific combination of click and flash
on the lAtC positive (P300) components of the responses. When the click and flash came from the
same location in space, a subjectively unambiguous event, a clear P300 was seen only in the
evoked response to the detected combination and not is, the other eight. However, when the click
and flash did not coincide, the correct detection was much more difficult, and P300 components
appeared in not only the target combination, but also in others which were similar to the target

in the spatial location of one or the other component. Thus, P300s Accompanied the

identification and rejection of certain non-target stimuli as well as the classical condition ofI

detetio of rae taget
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1292 Zingerman, A. M. Characteristics of cat, Jac activity in a man-operator in a control process.
Fizioloiicheskiy ZhurnIal SSS, 1972, 10 1527-1534. (NTIS No. JPRS 58092)

Analysis of ECC dynamics in a man-operator during sensomotor tracking of an
object disclosed two types of cardiac reactions - intensaive sympathetic type reactions and weak
parasympathetic type reactions. These two categories of reactions turned out to be stable
characteristics of the examinrd individuals and were well correlated with the tracking quality
indices. Dispersion and factoral data analysis confirmed the observed differences. The article
attempts an interpretation of the obtained data from the viewpoint of automatic control theory.

1293 Zwaga, H. J. G. Psychophysiological reactions to mental tasks: Effort or stress?
Ergonomics, 1973, , 61-67.

Discusses the implication of the mental load model, used implicitly orexplicitly by
many investigators, in studies of psychophysioiogy. It is suggested that the model's imolicztions
are inconsistent with many experimental results. An experiment with 16 Ss is described which
demonstrates that a clearer picture emerges if the concept of arousal is taken into consideration.
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